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where vacuuming and/or wet cleaning
are not feasible. ‘

(6) Waste disposal. Waste, scrap,
debris, bags, containers, equipment, and
clothing contaminated with asbestos
consigned for disposal, shall be
collected, recycled and disposed of in
sealed impermeable bags, or other
closed, impermeable containers.

(7) Care of asbestos-containing
flooring material.

(i) Sanding of asbestos-containing
floor material is prohibited.

(ii) Stripping of finishes shall be
conducted using low abrasion pads at
speed lower than 300 rpm and wet
methods.

(iii) Burnishing or dry buffing may be
performed only on asbestos-containing
flooring which has sufficient finish so
that the pad cannot contact the asbestos-
containing material.

(iv) Dust and debris in an area
containing TSI or surfacing ACM/PACM
or visibly deteriorated ACM, shall not
be dusted or swept dry, or vacuumed
without using a HEPA filter.

{1) Medical surveillance—{(1)-
General—(i) Employees covered. The
employer shall institute a medical

surveillance program for all employees
who are or will be exposed to airborne
concentrations of fibers of asbestos at or
above the TWA and/or excursion limit.

(ii) Examination by a physician. (A)
The employer shall ensure that all

medical examinations and procedures ~

are performed by or under the _
supervision of a licensed physician, and
shall be provided without cost to the
employee and at a reasonable time and
place.

(B) Persons other than licensed
physicians, who administer the
pulmonary function testing required by
this section, shall complete a training
course in spirometry sponsored by an
appropriate academic or professional
institution.

(2) Pre-placement examinations. i)
Before an employee is assigned to an
occupation exposed to airborne
concentrations of asbestos fibers at or

- above the TWA and/or excursion limit,
a pre-placement medical examination
shall be provided or made available by
the employer.

(ii) Such examination shall include,
as a minimum, a medical and work
history; a complete physical

examination of all systems with
emphasis on the respiratory system, the
cardiovascular system and digestive
tract; completion of the respiratory
disease standardized questionnaire in
Appendix D, Part 1; a chest
roentgenogram (posterior-anterior 14x17
inches); pulmonary function tests to
include forced vital capacity (FVC} and
forced expiratory volume at 1 second
(FEV(1.0)); and any additional tests
deemed appropriate by the examining
physician. Interpretation and
classification of chest roentgenogram
shall be conducted in accordance with
Appendix E to this section.

(3) Periodic examinations. (i} Periodic
medical examinations shall be made
available annually.

(ii) The scope of the medical
examination shall be in conformance
with the protocol established in
paragraph (1)(2)(ii) of this section,
except that the frequency of chest
roentgenogram shall be conducted in
accordance with Table 2, and the
abbreviated standardized questionnaire
contained in, Part 2 of Appendix D to
this section shall be administered to the
employee.

TABLE 2.—FREQUENCY OF CHEST ROENTGENOGRAM

: Age of employee
" Years since first exposure
: : 1510 35 35+ t0 40 45+
Oto 10 Every 5 years ......... Every 5 years ......... Every 5 years.
TO4 creererereeeeseeeee vt se st et e b e e RS e e e R R e e R e e T e R a SRR e A e et b et e st st e nnen Every 5 years ......... Every 2 years ......... Every 1 year.

(4) Termination of employment
examinations. (i) The employer shall
provide, or make available, a
termination of employment medical
examination for any employee who has
been exposed to airborne concentrations
of fibers of asbestos at or above the TWA
and/or excursion limit. '

(ii) The medical examination shall be
in accordance with the requirements of
the periodic examinations stipulated in

paragraph (1)(3) of this section, and shall
" be given within 30 calendar days before
or after the date of termination of
employment. ,

(5) Recent examinations. No medical
examination is required of any
employee, if adequate records show that
the employee has been examined in
accordance with any of paragraphs
((1)(2) through (1)(4)) of this section
within the past 1 year period. A pre-
employment medical examination
which was required as a condition of
employment by the employer, may not
" be used by that employer to meet the
. requirements of this paragraph, unless

the cost of such examination is borne by
the employer.

(6) Information provided to the

“physician. The employer shall provide
the following information to the
examining physician:

(i) A copy of this standard and
Appendices D and E.

(ii) A description of the affected
employee’s duties as they relate to the
employee's exposure.

(iif) The employee’s representative

exposure leve] or anticipated exposure

level.

(iv) A description of any personal
protective and respiratory equipment
used or to.be used.

(v) Information from previous medical
examinations of the affected employee
that is not otherwise available to the
examining physician.

(7) Physician’s written opinion. (i}
The employer shall cbtain a written
signed opinion from the examining
physician. This written opinion shall
contain the results of the medical
examination and shall include:

(A) The physician’s opinion as to
whether the employee has any detected
medical conditions that would place the
employes at an increased risk of
material health impairment from
exposure to asbestos;

(B) Any recommended limitations on
the employee or upon the use of
personal protective equipment such as
clothing or respirators; and

(C) A statement that the employee has
been informed by the physician of the
results of the medical examination and
of any medical conditions resulting
from asbestos exposure that require
further explanation or treatment.

(D} A statement that the employee has
been informed by the physician of the
increased risk of lung cancer
attributable to the combined effect of
smoking and asbestos exposure.

(ii) The employer shall instruct the
physician not to reveal in the written
opinion given to the employer specific
findings or diagnoses unrelated to
occupational exposure to asbestos.

(iii) The employer shall provide a
copy of the physician’s written opinion
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to the affected employee within 30 days
from its receipt. .

(m) Recordkeeping.—(1) Exposure
measurements. NOTE: The employer
may utilize the services of competent
organizations such as industry trade
associations and employee associations
to maintain the records required by this
section. (i) The employer shall keep an
accurate record of all measurements .
taken to monitor employee exposure to
asbestos as prescribed in paragraph (d)
of this section.

(ii) This record shall include at least
the following information:

(A) The date of measurement;

(B) The operation involving exposure
to asbestos which is being monitored;

(C) Sampling and analytical methods
used and evidence of their accuracy;

(D) Number, duration, and results of
samples taken;

gType of respiratory protective
devwes worn, if any; and

(F) Name, social security number and
exposure of the employees whose
exposure are represented.

(iii) The employer shall maintain this
record for at least thirty (30) years, in
accordance with 29 CFR 1910.20.

(2) Objective data for exempted
operations. (i) Where the processing,
use, or handling of products made from
or containing asbestos is exempted from
other requirements of this section under
paragraph (d)(2)(iii) of this section, the
employer shall establish and maintain
an accurate record of objective data
reasonably relied upon in support of the
exemption.

(ii) The record shall include at least
the following:

(A) The product qualifying for
exemption;

(B) The source of the objective data;

(C) The testing protocol, results of
testing, and/or analysis of the material
for the release of asbestos;’

(D) A description of the operation
exempted and how the data support the
exemption; and

(E) Other data relevant to the
operations; materials, processing, or
employee exposures covered by the
exemption.

(iii) The employer shall maintain this
record for the duration of the employer’s
reliance upon such objective data.

(3) Medical surveillance. (i) The
employer shall establish and maintain
an accurate record for each employee
subject to medical surveillance by
paragraph (1)(1)(i) of this section, in
accordance with 29 CFR 1910.20.

(ii) The record shall include at least
the following information:

(A) The name and social security
number of the employee;

(B) Physician's written opmlons

(C) Any employee medical complaints
related to exposure to asbestos; and
(D) A copy of the information

provided to the physician as required by

paragraph (1){6) of this section.

(iii) The employer shall ensure that
this record is maintained for the
duration of employment plus thirty (30)
years, in accordance with 29 CFR
1910.20.

(4) Training. The employer shall
maintain all employee training records
for one (1) year beyond the last date of
employment of that employee.

(5) Availability. (i) The employer,
upon written request, shall make all
records required to be maintained by
this section available to the Assistant
Secretary and the Director for
examination and copying.

(ii) The employer, upon request shall
make any exposure records required by
paragraph (m)(1) of this section
available for examination and copying
to affected employees, former
employees, designated representatives
and the Assistant Secretary, in .
accordance with 29 CFR 1910.20 (a)
through (e) and (g) through (i).

(iii) The employer, upon request, shall
make employee medical records
required by paragraph (m)(2) of this
section available for examination and
copying to the subject employee, to
anyone having the specific written
consent of the sub]ect employee, and the
Assistant Secretary, in accordance w1th
29 CFR 1910.20.

(6) Transfer of records. (i) The
employer shall comply with the
requirements concerning transfer of
records set forth in 29 CFR 1910.20(h).

(i) Whenever the employer ceases to

" do business and there is no successor

employer to receive and retain the
records for the prescribed period, the
employer shall notify the Director at
least 90 days prior to disposal of records
and, upon request, transmit them to the
Director.

(n) Observation of momtormg——(l)
Employee observation. The employer
shall provide affected employees or
their designated representatives an
opportunity to observe any monitoring
of employee exposure to asbestos
conducted in accordance with
paragraph (d) of this section.

(2) Observation procedures. When
observation of the monitoring of
employee exposure to asbestos requires
entry into an drea where the use of
protective clothing or equipment is
required, the observer shall be provided
with and be required to use such
clothing and equipment and shall
comply with all other applicable safety
and health procedures.

(o) Dates—(1) Effective date. This
standard shall become effectlve October
11, 1994.

(2) The provisions of 29 CFR-
1910.1001 remain in effect until the
start-up dates of the equivalent
provisions of this standard.

(3) Start-up dates. All obligations of
this standard commence on the effective
date except as follows:

(i) Exposure monitoring. Initial
monitoring required by paragraph (d)(2)
of this section shall be completed as
soon as possible but no later than
January 9, 1995.

(ii) Regulated areas. Regulated areas
required to be established by paragraph
(e) of this section as a result of initial
monitoring shall be set up as soon as
possible after the results of that
monitoring are known and not later than
February 8, 1995.

(iii) Respiratory protection.
Respiratory protection required by
paragraph (g) of this section shall be
provided as soon as possible but no later
than January 9, 1995.

(iv) Hygiene and lunchroom facilities.
Construction plans for change rooms,
showers, lavatories, and lunchroom
facilities shall be completed as soon as
possible but no later than July 10, 1995.

(v) Employee information and
training. Employee information and
training shall be provided as soon as
possible but not later than April 10,
1995.

(vi) Medical surveillance. Medical
surveillance not previously required by
paragraph (1) of this section shall be
provided as soon as possible but no later
than January 9, 1995.

(vii) Compliance program. Written
compliance programs required by
paragraph (f}(2) of this section shall be
completed and available for inspection
and copying as soon as possible but no
later than February 8, 1995.

(viii) Methods of compliance. The
engineering and work practice controls
as required by paragraph (f)(1) shall be
implemented as soon as possible but no
later than April 10, 1995.

{(p) Appendices. (1) Appendices A, C,
D, E, and F to this section are
incorporated as part of this section and
the contents of these Appendices are
mandatory.

(2) Appendices B, F, G, H, |, and ] to
this section are informational and are
not intended to create any additional
obligations not otherwise imposed or to
detract from any existing obligations.

(Approved by the Office of Management
and Budget under control number 1218-
0133)
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Appendix A to § 1910.1001 [Amended]

4. Appendix A to §1910.1001 is
amended by the revising the second
- sentence of the introductory paragraph
to read as follows:

* * * The sampling and analytical
methods described below represent the
elements of the available monitoring methods
(such as Appendix B of their regulation, the
most current version of the OSHA method
ID-160, or the most current version of the
NIOSH Method 7400). * * *

* * * * * :

5. Paragraph 2. of the section of
Appendix A to § 1910.1001 entitled
Sampling and Analytical Procedure is
amended by adding the following
sentence to the end:

* * * * *

2.* * * Do not reuse or reload cassettes
for asbestos sample collection.
* * * * *

6. Paragraph 11 of the section of
Appendix A to § 1910.1001 entitled
Sampling and Analytical Procedure is
revised to read as follows:

* * L] x *

11. Each set of samples taken will include
10% field blanks or a minimum of 2 field
blanks. These blanks must come from the
same lot as the fiters used for sample
collection. The field blank results shall be
averaged and subtracted from the analytical
results before reporting. A set consists of any
sample or group of samples for which an
evaluation for this standard must be made.
Any samples represented by a field blank
having a fiber count in excess of the
detection limit of the method being used

shall be rejected.
»* * * * *
7. Paragraph 2 of the section of

Appendix A to §1910.1001 entitled
Quality Control Procedures is amended
by redesignating it as paragraph 2a and
by adding paragraph 2b to read as
follows:

* * * * . *

2.b. All laboratories should also participate
in a national sample testing scheme such as
the Proficiency Analytical Testing Program
(PAT), or the Asbestos Registry sponsored by
the American Industrial Hyglene Association
(AIHA).

* * * * * -

8. Appendix B 0f 1910.1001 is revised

to read as follows:

Appendix B to § 1910.1001—Detatled
Procedures for Asbestos Sampling
and Analysis—Non-mandatory

Air

Matrix;

- OSHA Permissible Expo—
sure Limits: ‘
Time Weighted .Aver- 0.1 fiberfcc

age.

Excursion Level
minutes).

(30 1.0 fiber/cc

IS

Air

Collection Procedure:

A known volume of air is drawn through a 25-
mm diameter cassette containing a mixed-
cellulose ester fiter. The cassette must be
equipped with an electrically conductive 50-
mm extension cowl. The sampling time and
rate are chosen to give a fiber density of be-
tween 100 to 1,300 fibers/mm?2 on the filter.

Recommended Sampling 0.5 to 5.0 iters/

Rate. : minute (L/min)
" Recommended Air Vol '
umes:
Minimum ....ccoovevrenrnenen 25L
Maximum ....cccccreerceeens 2,400 L

Analytical Procedure: A portion of the
sample filter is cleared and prepared for
asbestos fiber counting by Phase Contrast
Microscopy (PCM) at 400X.

Commercial manufacturers and products
mentioned in this method are for descriptive
use only and do not coastitute endorsements
by USDOL-OSHA. Similar preducts from

. other sources can be substituted.

1. Introduction

" This method describes the collectxon of
airborne asbestos fibers using calibrated
sampling pumps with mixed-cellulose ester
(MCE) filters and analysis by phase contrast
microscopy (PCM). Some terms used are
unique to this method and are defined below:

Asbestos: A term for naturally occurring
fibrous minerals. Asbestos includes
chrysotile, crocidolite, amosite
(cummingtonite-grunerite asbestos), tremolite
asbestos, actinolite asbestos, anthophyllite
asbestos, and any of these minerals that have

. been chemically treated and/or altered. The

precise chemical formulation of each species
will vary with the location from which it was.
mined. Nominal compositions are listed:

Chrysotile ................. Mg;Si;Os(OHL
Crocidolite ........e.r... Nag Fes2+Fe3+
. . Sis022(OH)2

AMOSIte ..oeevrvrrereecrnnen . (Mg,Fe); SizOx

: (OH):
Tremolite-actinolite . Cax(Mg,Fe}s SisOx

(OH),

Anthophyllite .......... (Mg.Fe)s §isOz
o (OH).

Asbestos Fiber: A fiber of asbestos which
meets the criteria specified below for a fiber.
Aspect Ratio: The ratio of the length of a
fiber to it's diameter (e.g. 3:1, 5:1 aspect

ratios).

Cleavage Fragments: Mineral particles
formed by comminution of minerals,
especially those characterized by parallel
sides and a moderateé aspect ratio (usually
less than 20:1).

Detection Limit: The number of fibers
necessary to be 95% certain that the result is
greater than zero.

Differential Counting: The term applied to
the practice of excluding certain kinds of
fibers from the fiber count because they do
not appear to be asbestos.

Fiber: A particle that is 5 pm or longer,
with a length-to-width ratio of 3 to 1 or
longer.

Field: The area within the graticule circle
that is superimposed on the microscope
image.

Set: The samples which are taken,
submitted to the laboratory, analyzed, and for
which, interim or final result reports are
generated.

Tremolite, Anthophyllite, and Actinolite:
The non-asbestos form of these minerals
which meet the definition of a fiber. It
in¢ludes any of these minerals that have been
cheimnically treated and/or altered.

Walton-Beckett Graticule: An eyepiece
graticule specifically designed for asbestos
fiber counting. It consists of a circle with a
projected diameter of 100 # 2 pm (area of
about 0.00785 mm?) with a crosshair having

tic-marks at 3-um intervals in one direction

and 5-um in the orthogonal direction. There.
are marks around the periphery of the circle
to demonstrate the proper sizes and shapes
of fibers. This design is reproduced in Figure
2. The disk is placed in one of the
microscope eyepieces so that the design is
superimposed on the field of view.

1.1. History

Early surveys to deterrmne asbestos
exposures were conducted using impinger
counts of total dust with the counts
expressed as million particles per cubic foot.
The British Asbestos Research Council
recommended filter membrane counting in
1969. In July 1969, the Bureau of '
Occupational Safety and Health published a
filter membrane method for counting
asbestos fibers in the United States. This
method was refined by NIOSH and published
as P & CAM 239. On May 29, 1971, OSHA
specified filter membrane sampling with
phase contrast counting for evaluation of
asbestos exposures at work sites in the .
United States. The use of this technique was
again required by OSHA in 1986. Phase
contrast microscopy has continued to be the
method of choice for the measurement of
occupational exposure to asbestos.

1.2. Principle

Air-is drawn through a MCE' ﬁlter to
capture airborne asbestos fibers. A wedge
shaped portion of the filter is removed,
placed on a glass microscope slide and made
transparent. A measured area (field) is .
viewed by PCM. All the fibers meeting a
defined criteria for asbestos are counted and
considered a measure of the airborne asbestos
concentration.

1.3. Advantages and stadvamages

There are four main advantages of PCM
over other methods: -

(1) The technique is specific for fibers.
Phase contrast is a fiber counting technique
which excludes non-fibrous particles from
the analysis.

(2) The technique is inexpensive and does
not require specialized knowledge to carry
out the analysis for total fiber counts.

(3) The analysis is quick and can be
performed on-site for rapid detérmination of
air concentrations of asbestos fibers.

(4) The technique has continuity with
historical epidemiological studies so that:
estimates of expected disease can be inferred
from long-term determinations of asbestos
exposures.
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The main disadvantage of PCM is that it
does not positively identify asbestos fibefs.
Other fibers which are not asbestos may be
included in the count unless differential
counting is performed. This requires a great
deal of experience to adequately differentiate
asbestos from non-asbestos fibers. Positive
identification of asbestos must be performed
by polarized light or electron microscopy
techniques. A further disadvantage of PCM is
that the smallest visible fibers are about 0.2
um in diameter while the finest asbestos
fibers may be as small as 0.02 pm in
diameter. For some exposures, substantially
more fibers may be present than are actually
counted.

1.4. Workplace Exposure

Asbestos is used by the construction

- industry in such products as shingles, floor
tiles, asbestos cement, roofing felts,
insulation and acoustical products. Non-
construction uses include brakes, clutch
facings, paper, paints, plastics, and fabrics.
One of the most significant exposures in the
workplace is the removal and encapsulation
of asbestos in schools, public buildings, and
homes. Many workers have the potential to
be exposed to asbestos during these
operations.

About 95% of the asbestos in'commercial
use in the United States is chrysotile.
Crocidolite and amosite make up most of the
remainder. Anthophyllite and tremolite or
actinolite are likely to be encountered as
contaminants in various industrial products.

1.5. Physical Properties

Asbestos fiber possesses a high tensile
strength along its axis, is chemically inert,
non-combustible, and heat resistant. It has a
‘high electrical resistance and good sound
absorbing properties. It can be weaved into
cables, fabrics or other textiles, and also
matted into asbestos papers, felts, or mats.

2. Range and Detection Limit

2.1. The ideal counting range on the filter
is 100 to 1,300 fibers/mm?2, With a Walton-
Beckett graticule this range is equivalent to
0.8 to 10 fibers/tield. Using NIOSH counting
statistics, a count of 0.8 fibers/field would
give an approximate coefficient of variation
(CV)of0.13. '

2.2. The detection limit for this method is
4.0 fibers per 100 fields or 5.5 fibers/mmz2.
This was determined using an equation to
estimate the maximum CV possible at a
specific concentration (95% confidence) and
a Lower Control Limit of zero. The CV value
was then used to determine a corresponding
concentration from historical CV vs fiber
relationships. As an example:

Lower Control Limit (95% Confidence) =
~ 1.645(CV)(AC) :

Where:

AC = Estimate of the alrborne fiber
concentration (ﬁbers/cc) Setting the
Lower Control Limit =0; ‘and solving for
CV:

0=AC - 1. 645(CV)(AC]

CV = 0.61 v

This value was compared with CV vs.
count curves. The count at which CV = 0.61
for Leidel-Busch counting statistics or for an
OSHA Salt Lake Technical Center (OSHA-

SLTC) CV curve (see Appendix A for further
information) was 4.4 fibers or 3.9 fibers per
100 fields, respectively. Although a lower
detection limit of 4 fibers per 100 fields is
supported by the OSHA-SLTC data, both
data sets support the 4.5 fibers per 100 ﬁelds
value.

3. Method Performance-~Precision and
Accuracy

Precision is dependent upon the total
number of fibers counted and the uniformity
of the fiber distribution on the filter. A
general rule is to count at least 20 and not
more than 100 fields. The count is
discontinued when 100 fibers are counted,
provided that 20 fields have already been
counted. Counting more than 100 fibers
results in only a small gain in precision. As
the total count drops below 10 fibers, an
accelerated loss of precision is noted.

At this time, there is no known method to
determine the absolute accuracy of the
asbestos analysis. Results of samples
prepared through the Proficiency Analytical
Testing (PAT) Program and analyzed by the
OSHA-SLTC showed no significant bias
when compared to PAT reference values. The
PAT samples were analyzed from 1987 to
1989 (N=36) and the concentration range was
from 120 to 1,300 fibers/mm2.

4. Interferences

Fibrous substances, if present, may
interfere with asbestos analysis.
Some common fibers are:
Fiber glass anhydrite Petlite veins.
plant fibers.

Gypsum ......cocovvennnns Some synthetic fi-
bers. _
Membrane structures  Sponge spicules and
: diatoms.
"Microorganisms ....... Wollastonite.

The use of electron microscopy or optical
tests such as polarized light, and dispersion
staining may be used to differentiate these
materials from asbestos when necessary.

5. Sampling
5.1. Equipment

5.1.1. Sample assembly (The assembly is
shown in Figure 3). Conductive filter holder
consisting of a 25-mm diarmeter, 3-piece
cassette having a 50-mm long electrically
conductive extension cowl. Backup pad, 25-
mm, cellulose. Membrane filter, mixed-
cellulose ester (MCE), 25-mm, plain, white,
0.8- to 1.2-um pore size.

Notes: (a) Do not re-use cassettes.

(b) Fully conductive cassettes are required
to reduce fiber loss to the sides of the cassette
due to electrostatic attraction.

(c) Purchase filters which have been
selected by the manufacturer for asbestos

“counting or analyze representative filters for

fiber background before use. Discard the filter
lot if more than 4 fibers/100 fields are found.

(d) To decrease the possibility of
contamination, the sampling system (filter- .
backup pad-cassette) for asbestos is usually
preassembled by the manufacturer.

5.1.2. Gel bands for sealing cassettes.

5.1.3. Sampling pump.

Each pump must be a battery operated,
self-contained unit small enough to be placed

on the monitored employee and not interfere
with the work being performed. The pump
must be capable of sampling at 2.5 liters per

‘minute (L/min) for the required sampling

time.

5.1.4. Flexible tubing, 6-mm bore.

5.1.5. Pump calibration.

Stopwatch and bubble tube/burette or
electronic meter. :

5.2. Sampling Procedure

5.2.1. Seal the point where the base and
cowl] of each cassette meet (see Figure 3) with
a gel band or tape.

5.2.2. Charge the pumps completely before
beginning.

5.2.3. Connect each pump to a calibration

- cassette with an appropriate length of 6-mm -

bore plastic tubing. Do not use luer
connectors—the type of cassette specified
above has built-in adapters.

- 5.2.4. Select an appropriate flow rate for
the situation being monitored. The sampling
flow rate must be between 0.5 and 5.0 L/min
for personal sampling and is commonly set
between 1 and 2 L/min. Always choose a
flow rate that will not produce overloaded
filters.

5.2.5. Calibrate each sampling pump before
and after sampling with a calibration cassette
in-line (Note: This calibration cassette should
be from the same lot of cassettes used for
sampling). Use a primary standard (e.g.
bubble burette) to calibrate each pump. If

- possible, calibrate at the sampling site.

Note: If sampling site calibration is not
possible, environmental influences may
affect the flow rate. The extent is dependent

" on the type of pump used, Consult with the

pump manufacturer to determine
dependence on environmental influences. If
the pump is affected by temperature and
pressure changes, use the formula in
Appendix B to calculate the actual flow rate.
5.2.6. Connect each pump to the base of
each sampling cassette with flexible tubing.
Remove the end cap of each cassette and take

- each air sample open face. Assure that each -

sample cassette is held open side down in
the employee’s breathing zone during :
sampling. The distance from the nose/mouth
of the employee to the cassette should be
about 10 cm. Secure the cassette on the collar
or lapel of the employee using spring clips
or other similar devices.

5.2.7. A suggested minimum air volume

"~ when samplmg to determine TWA

comphance is 25 L. For Excursion Limit (30
min sampling time) evaluations, a minimum
air volume of 48 L is recommended.

5.2.8. The most significant problem when
sampling for asbestos is overloading the filter
with non-asbestos dust. Suggested maximum
air sample volumes for specific environments
are: -

- Air vol.

Environment (L)
Asbestos removal operations (visi- | 100

ble dust). ’
Asbestos removal operations (little | 240

dust). )
Office environments ......c...ccceceveeusn. 400.
: - | to
2,400
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Caution: Do not overload the filter with
dust. High levels of non-fibrous dust particles
may obscure fibers on the filter and lower the
count or make counting impossible. If more
than about 25 to 30% of the field area is
obscured with dust, the result may be biased
low. Smaller air volumes may be necessary
when there is excessive non-asbestos dust in
the air.

While sampling, observe the filter with a
small flashlight. If there is a visible layerof
dust on the filter, stop sampling, remove and
seal the cassette, and replace with a new
sampling assembly. The total dust loading
should not exceed 1 mg.

5.2.9. Blank samples are used to determine
if any contamination has occurred during
sample handling. Prepare two blanks for the
first 1 to 20 samples. For sets containing
greater than 20 samples, prepare blanks as
10% of the samples. Handle blank samples
in the same manner as air samples with one
exception: Do not draw any air through the
blank samples. Open the blank cassette in the
place where the sample cassettes are
mounted on the employee. Hold it open for
about 30 seconds. Close and seal the cassette
appropriately. Store blanks for shipment with
the sample cassettes.

5.2.10. Immediately after sampling, close
and seal each cassette with the base and’
plastic plugs. Do not touch or puncture the
filter membrane as this will invalidate the
analysis.

5.2.11. Attach a seal (OSHA-21 or
equivalent) around each cassette in such a
way as to secure the end cap plug and base
plug. Tape the ends of the seal together since
the seal is not long enough to be wrapped
end-to-end. Also wrap tape around the
cassette at each joint to keep the seal secure.

5.3. Sample Shipment

5.3.1. Send the samples to the laboratory
with paperwork requesting asbestos analysis.
List any known fibrous interferences present
during sampling on the paperwork. Also,
note the workplace operation(s) sampled.

5.3.2. Secure and handle the samples in
such that they will not rattle during shipment
nor be exposed to static electricity. Do not
ship samples in'expanded polystyrene
peanuts, vermiculite, paper shreds, or
excelsior. Tape sample cassettes to sheet
bubbles and place in a container that will
cushion the samples without rattling.

5.3.3. To avoid the possibility of sample
contamination, always ship bulk samples in
separate mailing containers.

6. Analysis
6.1. Safety Precautions

6.1.1. Acetone is extremely flammable and
precautions must be taken not to ignite it.
Avoid using large containers or quantities of
- acetone. Transfer the solvent in a ventilated
laboratory hood. Do not use acetone near any
open flame. For generation of acetone vapor,
use a spark free heat source.

6.1.2. Any asbestos spills should be
cteaned up immediately to prevent dispersal-
of fibers. Prudence should be exercised to
avoid contamination of laboratory facilities
or exposure of personnel to asbestos.
Asbestos spills should be cleaned up with
wet methods and/or a High Efficiency
Particulate-Air (HEPA) filtered vacuum.

Caution: Do not use a vacuum without a
HEPA filter—It will disperse fine asbestos
fibers in the air.

6.2. Equipment

6.2.1. Phase contrast microscope with
binocular or trinocular head.

6.2.2. Widefield or Huygenian 10X
eyepieces (Note: The eyepiece containing the
graticule must be a focusing eyepiece. Use a .
40X phase objective with a numerical
aperture of 0.65 to 0.75).

6.2.3. Kohler illumination (if possible) with
green or blue filter.

6.2.4. Walton-Beckett Graticule, type G-22
with 100 £ 2 um projected diameter.

6.2.5. Mechanical stage.

A rotating mechanical stage is convenient
for use with polarized light.

6.2.6. Phase telescope.

6.2.7. Stage micrometer with 0.01-mm
subdivisions.

6.2.8. Phase-shift test slide, mark II
{Available from PTR optics Ltd., and also
McCrone).

6.2.9. Precleaned glass slides, 25 mm X 75
mm. One end can be frosted for convenience
in writing sample numbers, etc., or paste-on
labels can be used.

6.2.10. Cover glass #1 2.

. 6.2.11. Scalpel (#10, curved blade).

6.2.12. Fine tipped forceps.

6.2.13. Aluminum block for clearing ﬁlter
{see Appendix D and Figure 4).

6.2.14. Automatic adjustable pipette, 100-
to 500-pL.

6.2.15. Micropipette, 5 pL.

6.3. Reagents

6.3.1. Acetone (HPLC grade).
6.3.2. Triacetin (glycerol triacetate).
6.3.3. Lacquer or nail polish.

6.4. Standard Preparation

A way to prepare standard asbestos
samples of known concentration has not been
developed. It is possible to prepare replicate
samples of nearly equal concentration. This
has been performed through the PAT
program. These asbestos samples are
distributed by the AIHA to pamcnpatmg
laboratories.

Since only about one-fourth of a 25-mm
sample membrane is required for an asbestos
count, any PAT sample can serve as a
“standard" for replicate counting.

6.5. Sample Mounting
Note: See Safety Precautions in Section 6.1.

" before proceeding. The objective is to

produce samples with a smooth (non-grainy)

background in a medium with a refractive

index of approximately 1.46. The technique

below collapses the filter for easier focusing

and produces permanent mounts which are

useful for quality control and interlaboratory
- comparison.

An aluminum block or similar device is
required for sample preparation. A drawing
is shown in Figure 4.

. 6.5.1. Heat the aluminum block to about
70° C. The hot block should not be used on
any surface that can be damaged by either the
heat or from exposure to acetone.

6.5.2. Ensure that the glass slides and cover
glasses are free of dust and fibers. °

6.5.3. Remove the top plug to prevent a
vacuum when the cassette is opened. Clean

the outside of the cassette if necessary. Cut
the seal and/or tape on the cassette with a
razor blade. Very carefully separate the base
from the exteénsion cowl, leabing the filter’
and backup pad in the base.

6.5.4. With a rocking motion cut a
triangular wedge from the filter using the
scalpel. This wedge should be one-sixth to
one-fourth of the filter. Grasp the filter wedge’
with the forceps on the perimeter of the filter
which was clamped between the cassette
pieces. DO NOT TOUCH the filter with your
finger. Place the filter on the glass slide
sample side up. Static electricity will usually
keep the filter on the slide until it is cleared.

6.5.5. Place the tip of the micropipette
containing about 200 uL acetone into the
aluminum block. Insert the glass slide into ,
the receiving slot in the aluminum block.
Inject the acetone into the block with slow,
steady pressure on the plunger while holding
the pipette firmly in place. Wait 3to 5
seconds for the filter to clear, then remove
the pipette and slide from the aluminum
block.

6.5.6. Immediately (less than 30 seconds)

_place 2.5 to 3.5 pL of triacetin on the filter

(Note: Waiting longer than 30 seconds will

" result in increased index of refraction and

decreased contrast between the fibers and the
preparation. This may also lead to separation
of the cover slip from the slide).

6.5.7. Lower a cover slip gently onto the
filter at a slight angle to reduce the
possibility of forming air bubbles. If more
than 30 seconds have elapsed between
acetone exposure and triacetin application,
glue the edges of the cover slip to the slide
with lacquer or nail polish.

6.5.8. I clearing is slow, warm the slide for
15 min on a hot plate having a surface
temperature of about 50 °C to hasten clearing
The top of the hot block can be used if the
slide is not heated too long.

6.5.9. Counting may proceed immediately
after clearing and mounting are comnpleted.

6.6. Sample Analysis

Completely align the microscope according
to the manufacturer’s instructions. Then,  _
align the microscope using the following
general alignment routine at the beginning of
every counting session.and more often if
necessary.

6.6.1. Alignment

{1) Clean all optical surfaces. Even a small
amount of dirt can significantly degrade the
image. '

{2) Rough focus the objective on a sample.

(3) Close down the field iris so that it is
visible in the field of view. I'ocus the image
of the iris with the condenser focus. Center
the image of the iris in the field of view.

(4) Install the phase telescope and focus on
the phase rings. Critically center the rings.
Misalignment of the rings results in
astiginatism which will degrade the image.

(5) Place the phase-shiit test slide on the
microscope stage and focus on the lines. The
analyst must see line set 3 and should see at
least parts of 4 and 5 but, not see line set 6
or 6. A microscope/microscopist combination
which does not pass this test may not be
used.
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6.6.2. Counting Fibers
(1) Place the prepared sample slide on the

mechanical stage of the microscope. Position

the center of the wedge under the objective
" lens and focus upon the sample.

(2) Start counting from one end of the
wedge and progress along a radial line to the
other end (count in either direction from
perimeter to wedge tip). Select fields
randomly, without looking into the
eyepieces, by slightly advancing the slide in
one direction with the mechanical stage
control.

(3) Continually scan over a range of focal
planes (generally the upper 10 to 15 um of
the filter surface} with the fine focus control
during each field count. Spend at least 5 to
15 seconds per field.

. (4) Most samples will contain asbestos -
fibers with fiber diameters less than 1 pm.

-Look carefully for faint fiber images. The
small diameter fibers will be very hard to see.
However, they are an important contribution
to the total count.

(5) Count only fibers equal to or longer
than 5 um. Measure the length of curved
fibers along the curve. -

{6) Count fibérs which have a length to
width ratio of 3:1 or greater.

(7} Count all the fibers in at least 20 fields.
Continue counting until either 100 fibers are
counted or 100 fields have been-viewed; .
whichever occurs first. Count all the fibers in
the final field. ) . .

(8) Fibers lying entirely within the
boundary of the Walton-Beckett graticule
field shall receive a count of 1. Fibers
crossing the boundary once, having one end
within the circle shall receive a count of 2.
Do not count any fiber that crosses the
graticule boundary more than once. Reject

- and do not count any other fibers even- -
. though they may be visible outside the

graticule area. If a fiber touches the circle, it
~ is considered to cross the line, |

(9) Count bundles of fibers as one fiber
unless individual fibers can be clearly
identified and each individual fiber is clearly
not connected to another counted fiber. See
Figure 2 for counting conventions. ’

(10) Record the number of fibers in each
field in a consistent way such that filter non-
uniformity can be assessed.

(11) Regularly check phase ring alignment.

(12) When an agglomerate (mass of
material) covers more than 25% of the field
of view, reject the field and select another.
Do not include it in the number of fields
counted. : )

(13) Perform a “*blind recount of 1 in
every 10 filter wedges (slides). Re-label the
slides using a person other than the original

- counter.

6.7. Fiber Identification .

As previously mentioned in Section 1.3.,
PCM does not provide positive confirmation
of asbestos fibers. Alternate differential
counting techniques should be used if
discrimination is desirable. Differential

counting may include primary
discrimination based on morphology,
polarized light analysis of fibers, or
modification of PCM data by Scanning
Electron or Transmission Electra
Microscopy. g

A great deal of experience is required to
routinely and correctly perform differential
counting, It is discouraged unless it is legally
necessary. Then, only if a fiber is obviously
not asbestos should it be excluded from the’
count. Further discussion of this technique
can be found in reference 8.10.

If there is a question whether a fiber is
asbestos or not, follow the rule:

“WHEN IN DOUBT, COUNT."”

6.8.-Analytical Recommendations—Quality
Control System .

6.8.1. All individuals performing asbestos
analysis must have taken the NIOSH course
for sampling and evaluating airborne asbestos
or an equivalent course.

6.8.2. Each laboratory engaged in asbestos
counting shall set up a slide trading
arrangement with at least two other

_ laboratories in order to compare performance

and eliminate inbreeding of error. The slide
exchange occurs at least semiannually. The
round robin results shall be posted where all
analysts can view individual analyst’s
results.

6.8.3. Each laboratory engaged in asbestas
counting shall participate in the Proficiency
Analytical Testing Program, the Asbestos
Analyst Registry or equivalent.” |

6.8.4. Each analyst shall select and count
prepared slides from a “‘slide bank”. These
are quality assurance counts. The slide bank
shall be prepared using uniformly distributed
samples taken from the workload. Fiber
densities should cover the entire range
routinely analyzed by the laboratory. These ~
slides are counted blind by ali counters to
establish an original standard deviation. This
Ahistorical distribution is compared with the
quality assurance counts. A counter must
have 95% of all quality control samples
counted within three standard deviations of
the historical mean. This count is then

- integrated into a new historical mean and

standard deviation for the slide.

The analyses done by the counters to
establish the slide bank may be used for an
interim quality control program if the data
are treated in a proper statistical fashion.

7. CALCULATIONS

7.1. Calculate the estimated airborne
asbestos fiber concentration on the filter
sample using the following formula:
where:

AC=Airborne fiber concentration

)

1000xFR x T x MFA

FB=Total number of fibers greater than 5 pm’
counted

FL=Total number of fields counted on the
filter '

BFB=Total number of fibers greater than 5
pm counted in the blank

BFL=Total number of fields counted on the
blank

ECA=Effective collecting area of filter (385
mm2 nominal for a 25-mm filter.)

FR=Pump flow rate {L/min)

MFA=Microscope count field area (mm?).
This is 0.00785 mm? for a Walton-
Beckett Graticule. )

T=Sample collection time {min)

1,000=Conversion of L to cc

Note: The collection area of a filter is

seldom equal to 385 mm?. It is appropriate

for laboratories to routinely monitor the exact

diameter using an inside micrometer. The

collection area is calculated according to the

formula:

Area=n(d/2)?
7.2. Short-cut Calculation
Since a given analyst always has thie same

" interpupillary distance, the number of fields

per filter for a particular analyst will remain
constant for a given size filter. The field size
for that analyst is constant (i.e. the analyst is
using an assigned microscope and is not
changing the reticle).

For example, if the exposed area of the
filter is always 385 mm2 and the size of the
field is always 0.00785 mm?2, the number of
fields per filter will always be 49,000. In
addition it is necessary to convert liters of air
to cc. These three constants can then be . :
combined such that ECA/(1,000 X MFA)=49.
The previous equation simplifies to:

()
ac=\FLJ \BFL

. FRxT
7.3. Recount Calculations

As mentioned in step 13 of Section 6.6.2.,
a ““blind recount” of 10% of the slides is
performed. In all cases, differences will be
observed between the first and second counts

. of the same filter wedge. Most of these

differences will be due to chance alone, that
is, due to the random variability (precision)
of the count method. Statistical recount
criteria enables one to decide whether
observed differences can be explained due to
chance alone or are probably due to
systematic differences between analysts,
microscopes, or other biasing factors.

The following recount criterion is for a pair
of counts that estimate AC in fibers/cc. The
criterion is given at the type-I error level.
That is, there is 5% maximum risk that we
will reject a pair of counts for the reason that
one might be biased, when the large observed
difference is really due to chance.

Reject a pair of counts if:

l \/Acz _‘/A—C'l >2.78X(1’Acavg)XCVFB
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\iere:

AC1=lower estimated airborne fiber
concentration

AC2=higher estimated airborne fiber
concentration

ACavg=average of the two concentration
estimates :

CVia=CV for the average of the two
concentration estimates

If a pair of counts are rejected by this
criterion then, recount the rest of the filters
in the submitted set. Apply the test and reject
any other pairs failing the test. Rejection
shall include a memo to the industrial
hygienist stating that the sample failed a
statistical test for homogeneity and the true
air concentration may be significantly
different than the reported value.

7.4. Reporting Results

Report results to the industrial hyglemst as
fibers/cc. Use two significant figures. If
multiple analyses are performed on a sample,
an average of the results is to be reported
unless any of the results can be rL]ected for
cause.
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Quality Control

The OSHA asbestos regulations require
each laboratory to establish a quality control
program. The following is presented as an
example of how the OSHA-SLTC constructed
its internal CV curve as part of meeting this
requirement. Data for the CV curve shown
below is from 395 samples collected during
OSHA compliance inspections and analyzed
from October 1980 through April 1986.

Each sample was counted by 2to 5
different counters independently of one
another. The standard deviation and the CV
statistic was calculated for each sample. This
data was then plotted on a graph of CV vs,
fibers/mm?2. A least squares regression was
performed using the following equation:
CV=antilog1l .o[A(log.o(x))2+B(logi()(x))+C]
where:

x=the numnber of ﬁbers/mm2
Application of least squares gave:

A=0.182205

=—0.973343

C=0.327499
Using these values, the equatlon becomes:

CV=antilogio (0.182205(log,o

(x))2-0.973343(logio (x))+0.327499)

Sampling Pump Flow Rate Corrections

This correction is used if a difference
greater than 5% in ambient temperature and/
or pressure is noted between calibration and
sampling sites and the pump does not
compensate for the differences.

Qacl = anl x

Where:

Q...=actual flow rate

Qcui=calibrated flow rate (if a rotameter was
used, the rotameter value)

P.u=uncorrected air pressure at calibration

P.=uncorrected air pressure at sampling site

T.a=temperature at sampling site (K)
Tea=temperature at calibration (K)

Wallon-Beckett Graticule

When ordering the Graticule for asbestos
counting, specify the exact disc diameter
needed to fit the ocular of the microscope
and the diameter (mm) of the circular
counting area. Instructions for measuring the
dimensions. necessary are listed:

(1) Insert any available graticule into the
focusing eyepiece and focus so that the
graticule lines are sharp and clear.

(2) Align the microscope.

(3) Place a stage micrometer on the -
microscope object stage and focus the
microscope on the graduated lines.

(4) Measure the magnified grid length, PL
{um), using the stage micrometer.

(5) Remove the graticule from the
microscope and measure its actual grid
length, AL (mm). This can be accomplished
by using a mechanical stage fitted with
verniers, or a |eweler s loupe with a dlrecl
reading scale.

(6) Let D=100 pm. Calculate the circle
diameter, d. (mm), for the Walton-Beckett
graticule and specify the diameter when
making a purchase:

ALxD
‘PL

Example: If PL=108 pm, AL=2. 93 mm and
D=100 pum, then,

d_

¢ =

_2.93x100
¢ 108

(7) Each eyepiece-objective-reticle
combination on the microscope must be
calibrated. Should any of the three be
changed (by zoom adjustment, disassembly,
replacement, etc.), the combination must be
recalibrated. Calibration may change if
interpupillary distance is changed. Measure
the field diameter, D (acceptable range: 1002
um) with a stage micrometer upon receipt of
the graticule from the manufacturer.
Determine the field area (mm?2).

Field Area=n(D/2)2
If D=100 pum=0.1 mm, then
Field Area=xr(0.1 mm/2)2=0.00785 mm?

The Graticule is available from: Graticules
Ltd., Morley Road, Tonbridge TN9 IRN, Kent,
England (Telephone 011—44-732-359061).
Also available from PTR Optics Ltd., 145
Newton Street, Waltham, MA 02154
itelephone (617) 891-6000} or McCrone
Accessories and Components, 2506 S.
Michigan Ave., Chicago, IL 60616 [phone
(312}-842-7100]. The graticule is custom
made for each microscope.

=2.7Imm

COUNTS FOR THE FIBERS IN THE

FIGURE
Strn((:)ture Count Explanation
1106 ... 1 | Single fibers all con-
) tained within the cir-
. cle.
7 ' | Fiber crosses circle
once. -

0 | Fiber too short.

2 | Two crossing fibers.

0 | Fiber outside graticule.

0 | Fiber crosses graticule
twice.

Although split, fiber
only crosses once.
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Figure 1: Walton-Beckett Graticule with some explanatory fibers.

9. Appendix D to §1910.1001 is
amended by revising the first sentence
to read as follows:

Appendix D to 1910.1001—Medicat
Questionnaires; Mandatory

This mandatory appendix contains the
medical questionnaires that must be
administered to all employees who are
exposed to asbestos above the permissible
exposure limit, and who will therefore be
included in their employer’s medical
surveillance program. * * *

* * L4 * L4

10. Appendix F to §1910.1001 is
revised to read as follows:

Appendix F to § 1910.1001--Work
Practices and Engineering Controls for
Automotive Brake and Clutch
Inspection, Disassembly, Repair and
Assembly—Mandatory

This mandatory appendix specifies
engineering controls and work practices that
must be implemented by the employer
during automotive brake and clutch
inspection, disassembly, repair, and
assembly operations. Proper use of these
engineering controls and work practices will
reduce employees’ asbestos exposure below
the permissible exposure level during clutch
and brake inspection, disassembly, repair,
and assembly operations. The employer shall

institute engineering controls and work
practices using either the method set forth in
paragraph [A}] or paragraph {B] of this
appendix, or any 6ther method which the
employer can demonstrate to be equivalent in

. terms of reducing employee exposure 1o

asbestos as defined and which meets the
requirements described in paragraph {C) of
this appendix, for those facilities in which no
more than 5 pairs of brakes or 5 clutches are
inspected, disassembled, reassembléd and/or
repaired per week, the method set forth in
paragraph [D} of this appendix may be used:

{A] Negative Pressure Enclosure/HEPA
Vacuum System Method

{1) The brake and clutch inspection,
disassembly, repair, and assembly operations
shall be enclosed to cover and contain the:
clutch or brake assembly and to prevent the
release of ashestos fibers into the worker's
breathing zone.

(2) The enclosure shall be sealed tightly
and thoroughly inspected for leaks before
work begins on brake and clutch inspection,
disassembly, repair, and assembly.

(3) The enclosure shall be such that the
worker can clearly see the operation and
shall provide impermeable sleeves through
which the worker can handle the brake and
clutch inspection, disassembly, repair and
assembly. The integrity of the sleeves and
ports shall be examined before work begins.

(4) A HEPA-filtered vacuum shall be
employed to maintain the enclosure under
negative pressure throughout the operation.

Compressed-air may be used to remove

"asbestos fibers or particles from the

enclosure.

(5) The HEPA vacuum shall be used first
to loosen the asbestos containing residue
from the brake and clutch parts and then to
evacuate the loosened asbestos containing
material from the enclosure and capture the
material in the vacuum filter.

{6) The vacuum'’s filter, when full, shall be
first wetted with a fine mist of water, then
removed and placed immediately in an
impermeable container, labeled according to

_ paragraph (j}(2){ii) of this section and

disposed of according to paragraph (k) of this
section.

{7) Any spills or releases of asbestos
containing waste material from inside of the
enclosure or vacuum hose or vacuum filter
shall be immediately cleaned up and
disposed of according to paragraph (k) of the
section.

{B] Low Pressure/Wet Cleaning Method

(1) A catch basin shall be placed under the
brake assembly, positioned to avoid splashes
and spills.

(2) The reservoir shall contain water
containing an organic solvent or wetting
agent. The flow of liquid shall be controlled
such that the brake assembly is gently

. flooded to prevent the asbestos-containing

brake dust from becoming airborne.

(3) The aqueous solution shall be allowed
10 flow between the brake drum and brake
support before the drum is removed.
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(4) After removing the brake drum, the
wheel hub and back of the brake assembly
shall be thoroughly wetted to suppress dust. -

(5) The brake support plate, brake shoes
and brake components used to attach the

_ brake shoes shall be thoroughly washed

’

before removing the old shoes.

(6) In systems using filters, the filters,
when full, shall be first wetted with a fine
mist of water, then removed and placed
immediately in an impermeable container,
labeled according to paragraph (j)(2)(ii) of
this section and disposed of according to
paragraph (k) of this section.

(7) Any spills of asbestos-containing
aqueous solution or any asbestos-containing
waste material shall be cleaned up
immediately and disposed of accordmg to
paragraph (k) of this section.

(8) The use of dry brushing durmg low
pressure/wet cloanmg operations is
prohibited.

{C] Equivalent Methods

An equivalent method is one which has
sufficient written detail so that it can be
reproduced and has been demonstrated that
the exposures resulting from the equivalent
method are equal to or less than the
exposures which would result from the use
of the method described in paragraph {A} of
this appendix. For purposes of making this
comparison, the employer shall assume that
exposures resulting from the use of the
method described in paragraph [A] of this
appendix shall not exceed 0.004 f/cc, as
measured by the OSHA reference method
and as averaged over at least 18 personal
samples.

. [D] Wet Method. -

" paragraph L

(1) A spray bottle, hose nozzle or other
implement capable of delivering a fine mist
of water or amended water or other delivery
system capable of delivering water at low
pressure, shall be used to first thoroughly wet
the brake and clutch parts. Brake and clutch
components shall then be wiped clean with
a cloth.

(2) The cloth shall be placed in an
impermeable container, labelled according to
paragraph (j)(2)(ii) of the standard and then
disposed of according to paragraph (k) of the
standard, or the cloth shall be laundered in
a way to prevent the release of asbestos fibers
in excess of 0.1 fiber per cubic centimeter of

.air.

(3) Any spills of solvent or any asbestos
containing waste-material shall be cleaned up
immediately according to paragraph

(k) of the standard.

(4) The use of dry brushing during the wet
method operations is prohibited.

Appendix G to § 1910.1001 [Amended]

11. Appendix G of § 1910.1001 is
amended by replacing the phrase 0.2 {/
cc” with the phrase 0.1 f/cc” in
D. entitled ‘“Permissible
exposure:”..

12. Appendix G of §1910.1001 is
amended by replacing the phrase 0.2 f/
cc” with the phrase “0.1 f/cc” in
paragraph HI.A. entitled “Respirators:”.

13. Appendix G of §1910.1001 is
amended by revising paragraph IIL. B. to
read as follows:

m.* > *

B. Protective clothing: You are required to
wear protective clothing in work areas where
asbestos fiber concentrations exceed to
permissible exposure limit.

-h L% * * x .

Appendix H to § 1910.1001 [Amended]
14. Appendix H of § 1910.1001 is

" amended by revising the first sentence

of the second paragraph of se¢tion.IV.
entitled Surveillance and Preventive
Considerations to read as follows: -

" * * * K

The employer is required to institute a

" medical surveillance program for all

employees who are or will be exposed to
asbestos at or above the permissible exposure

limit (0.1 fiber per cubic centimeter of air).
" N N

* * * * *

15. Appendix J to § 1910.1001 is
added to read as follows:

Appendix J to § 1910.1001—Polarized
Light Microscopy ot Asbestos—Non-
Mandatory)

Metliod number: ID-191
Matrix: Bulk

Collection Procedure

Collect approximately 1 to 2 grams of each
type of material and place into separate 20
mL scintillation vials.

Analytical Procedure

A portion of each separate phase is
analyzed by gross examination, phase-polar
examination, and central stop dispersion
microscopy.

Commercial manufacturers and products
mentioned in this rhethod are for descriptive
use only and do not constitute endorsements
by USDOL-OSHA. Similar products from
other sources may be substituted.

1. Introduction

This method describes the collection and
analysis of asbestos bulk materials by light
microscopy techniques including phase-
polar illumination and central-stop

-dispersion microscopy. Some terms unique

to asbestos analysis are defined below:

Amphibole: A family of minerals whose
crystals are formed by long, thin units which
have two thin ribbons of double chain
silicate with a brucite ribbon in between. The
shape of each unit is similar to an I beam”’.
Minerals important in asbestos analysis
include cummingtonite-grunerite,
crocidolite, tremolite-actinolite and
anthophyllite.

Asbestos: A term for naturally occurring
fibrous minerals. Asbestos includes
chrysotile, cummingtonite-grunerite ashestos
(amosite), anthophyllite asbestos, tremolite
asbestos, crocidolite, actinolite asbestos and
any of these minerals which have been
chemically treated or altered. The precise
chemical formulation of each species varies

with the location from which it was mined.

Nominal compositions are listed:

Chrysotile Mg3Si05(OH).

Crocidolite (Riebeckite asbestos)
........................ NasFej2+Fez3* Sis022(0H)2

Cummmgtomte-Grunerlte asbestos

(Amosite}.....ccceereenns (Mg,Fe);Sis022(0OH),
Tremolite-Actinolite asbestos
............................. Caz(Mg.FehSiaOzz(OH]z

Anthophyllite asbestos ...(Mg,Fe);SisO22(0H)

Asbestos Fiber: A fiber of asbestos meeting
the criteria for a fiber. (See section 3.5.)

Aspect Ratio: The ratio of the length of a
fiber to its diameter usually defined as
“length : width”, e.g. 3:1.

Brucite: A sheet mineral with the
composition Mg(OH),.

Central Stop Dispersion Staining
{microscope): This is a dark field microscope
technique that images particles using only
light refracted by the particle, excluding light
that travels through the particle unrefracted.
This is usually accomplished with a
McCrone objective or other arrangement
which places a circular stop with apparent
aperture equal to the objective aperture in the
back focal plane of the microscope.

Cleavage Fragments: Mineral particles

- formed by the comminution of minerals,

especially those characterized by relatively
parallel sides and moderate aspect ratio.

Differential Counting: The term applied to
the practice of excluding certain kinds of
fibers from a phase contrast asbestos count
because they are not asbestos.

Fiber: A particle longer than or equal to 5
um with a length to width ratio greater than
or equal to 3:1. This may include cleavage
fragments. (see section 3.5 of this appendix).

Phase Contrast: Contrast obtained in the
microscope by causing light scattered by
small particles to destructively interfere with
unscattered light, thereby enhancing the
visibility of very small particles and particles
with very low intrinsic contrast.

Phase Contrast Microscope: A microscope
configured with a phase mask pair to create
phase contrast. The technique which uses
this is called Phase Contrast Microscopy
(PCM).

Phase-Polar Analysis: This is the use of
polarized light in a phase contrast
microscope. It is used to see the same size
fibers that are visible in air filter analysis.
Although fibers finer than 1 pm are visible, -
analysis of these is inferred from analysis of
larger bundles that are usually present.

Phase-Polar Microscope: The phase-polar
microscope is a phase contrast microscope
which has an analyzer, a polarizer, a first
order red plate and a rotating phase
condenser all in place so that the polarized

Tight image is enhanced by phase contrast.

Sealing Encapsulant: This is a product
which can be applied, preferably by spraying,
onto an asbestos surface which will seal the
surface so that fibers cannot be released.

Serpentine: A mineral family consisting of
minerals with the general composition
Mgs(Si20s(OH), having the magnesium in
brucite layer over a silicate layer. Minerals
important in asbestos analysis included in
this family are chrysotile, lizardite,
antigorite.



41072 Federal Register / Vol. 59,

No. 153 / Wedne:sday, August 10, 1994 / Rules and Regulations

1.1. History

Light microscopy has been used for well
over 100 years for the determination of
mineral species. This analysis is carried out
using specialized polarizing microscopes as
well as bright field microscopes. The
identification of minerals is an on-going
process with many new minerals described
each year. The first recorded use of asbestos
was in Finland about 2500 B.C. where the
material was used in the mud wattle for the
wooden huts the people lived in as well as
strengthening for pottery. Adverse health
aspects of the mineral were noted nearly
2000 years ago when Pliny the Younger
wrote about the poor health of slaves in the
asbestos mines. Although known to be
injurious for centuries, the first modern
references to its toxicity were by the British
Labor Inspectorate when it banned asbestos
dust from the workplace in 1898. Asbestosis
cases were described in the literature after
the turn of the century. Cancer was first
suspected in the mid 1930’s and acausal link
to mesothelioma was made in 1965. Because
of the public concern for worker and public
safety with the use of this material, several
different types of analysis were applied to the
determination of asbestos content. Light
microscopy requires a great deal of
experience and craft. Attempts were made to
apply less subjective methods to the analysis.
X-ray diffraction was partially successful in
determining the mineral types but was
unable to separate out the fibrous portions
from the non-fibrous portions. Also, the
minimum detection limit for asbestos
analysis by X-ray diffraction (XRD) is about
1%. Differential Thermal Analysis (DTA) was
no more successful. These provide useful
corroborating information when the presence
of asbestos has been shown by microscopy:
however, neither can determine the
difference between fibrous and non-fibrous
minerals when both habits are present. The
same is true of Infrared Absorption (IR).

When electron microscopy was applied to
asbestos analysis, hundreds of fibers were
discovered present too small to be visible in
any light microscope. There are two different
types of electron microscope used for
asbestos analysis: Scanning Electron
Microscope (SEM) and Transmission
Electron Microscope (TEM). Scanning
Electron Microscopy is useful in identifying
minerals. The SEM can provide two of the
three pieces of information required to
identify fibers by electron microscopy:
morphology and chemistry. The third is
structure as determined by Selected Area
Electron Diffraction—SAED which is
performed in the TEM. Although the
resolution of the SEM is sufficient for very
fine fibers to be seen, accuracy of chemical
analysis that can be performed on the fibers
varies with fiber diameter in fibers of less
than 0.2 pm diameter. The TEM is a powerful
tool to identify fibers too small to be resolved
by light microscopy and should be used in
conjunction with this method when
necessary. The TEM can provide all three
pieces of information required for fiber
identification. Most fibers thicker than 1 pm
can adequately be defined in the light
microscope. The light microscope remains as
the best instrument for the determination of .

mineral type. This is because the minerals
under investigation were first described
analytically with the light microscope. It is
inexpensive and gives positive identification
for most samples analyzed. Further, when

- optical techniques are inadequate, there is

ample indication that alternative techniques
should be used for complete identification of
the sample.

~ 1.2, Principle

Minerals consist of atoms that may be
arranged in random order or in a regular
arrangement. Amorphous materials have
atoms in random order while crystalline
materials have long range order. Many
materials are transparent to light, at least for
small particles or for thin sections. The
properties of these materials can be
investigated by the effect that the material
bas on light passing through it. The six
asbestos minerals are all crystalline with
particular properties that have been
identified and cataloged. These six minerals
are anisotropic. They have a regular array of
atoms, but the arrangement is not the same
in all directions. Each major direction of the
crystal presents a different regularity. Light

- photons travelling in each of these main

directions will encounter different electrical
neighborhoods, affecting the path and time of
travel. The techniques outlined in this
method use the fact that light traveling
through fibers or crystals in different
directions will behave differently, but
predictably. The behavior of the light as it
travels through a crystal can be measured and
compared with known or determined values
to identify the mineral species. Usually,
Polarized Light Microscopy (PLM) is
performed with strain-free objectives on a
bright-field microscope platform. This would
limit the resolution of the microscope to
about 0.4 um. Because OSHA requires the
counting and identification of fibers visible
in phase contrast, the phase contrast platform
is used to visualize the fibers with the
polarizing elements added into the light path.
Polarized light methods cannot identify
fibers finer than about 1 pm in diameter even
though they are visible. The finest fibers are
usually identified by inference from the
presence of larger, identifiable fiber bundles.
When fibers are present, but not identifiable
by light microscopy, use either SEM or TEM
to determine the fiber identity.

1.3. Advantages and Disadvantages

The advantages of light microcopy are:

(a) Basic identification of the materials was
first performed by light microscopy and gross
analysis. This provides a large base of
published information against which to
check analysis and analytical technique.

{b) The analysis is specific to fibers. The

" minerals present can exist in asbestiform,

fibrous, prismatic, or massive varieties all at
the same time. Therefore, bulk methods of
analysis such as X-ray diffraction, IR
analysis, DTA, etc. are inappropriate where
the material is not known to be fibrous.

(c) The analysis is quick, requires little
preparation time, and can be performed on-
site if a suitably equipped microscope is
available.

The disadvantages are:

{a) Even using phase-polar illumination,
not all the fibers present may be seen. This

is a problem for very low asbestos

-concentrations where agglomerations or large

bundles of fibers may not be present to allow
identification by inference.

(b) The method requires a great degree of
sophistication on the part of the
microscopist. An analyst is only as useful as
his mental catalog of images. Therefore, a

.microscopist’s accuracy is enhanced by

experience. The mineralogical training of the -
analyst is very important. It is the basis on
which subjective decisions are made.

(c) The method uses only a tiny amount of
material for analysis. This may lead to
sampling bias and false results (high or low).
This is especially true if the sample is
severely inhomogeneous.

(d) Fibers may be bound in a matrix and

“not distinguishable as fibers so identification

cannot be made.

-1.4. Method Performance

1.4.1. This method can be used for
determination of asbestos content from 0 to

'100% asbestos. The detection limit has not

been adequately determined, although for
selected samples, the limit is very low.
depending on the number of particles
examined. For mostly homogeneous, finely
divided samples, with no difficult fibrous
interferences, the detection limit is below
1%. For inhomogeneous samples (inost
samples), the detection limit remains
undefined. NIST has conducted proficiency
testing of laboratories on a national scale.
Although eacb round is reported statistically
with an average, control limits, etc., the
results indicate a difficulty in establishing
precision especially in the low concentration
range. It is suspected that there is significant
bias in the low range especially near 1%.
EPA tried to remedy this by requiring a
mandatory point counting scheme-for
samples less than 10%. The point counting
procedure is tedious, and may introduce
significant biases of its own. It has not been
incorporated into this method.

1.4.2. The precision and accuracy of the
quantitation tests performed in this method
are unknown. Concentrations are easier to
determine in commercial products where
asbestos was deliberately added because the
amount is usually more than a few percent.
An analyst’s results can be *calibrated”’
against the known amounts added by the
manufacturer. For geological samples, the
degree of homogeneity affects the precision.

1.4.3. The performance of the method is
analyst dependent. The arialyst must choose
carefully and not necessarily randomly the
portions for analysis to assure that detection
of asbestos occurs when it is present. For this
reason, the analyst must have adequate
training in sample preparation, and
experience in the location and identification
of asbestos in samples. This is usually
accomplished through substantial on-the-job
training as well as formal education in
mineralogy and microscopy.

1.5. Interferences

Any material which is long, thin, and small
enough to be viewed under the microscope
can be considered an interference for
asbestos. There are literally hundreds of
interferences in workplaces. The techniques
described in this method are normally

C A
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sufficient to eliminate the interferences. An
analyst’s success in eliminating the
interferences depends on proper training.

* Asbestos minerals belong to two mineral
families: the serpentines and the amphiboles.
In the serpentine family, the only common
fibrous mineral is chrysotile. Occasionally,
the mineral antigorite occurs in a fibril habit
with morphology similar to the amphiboles.
The amphibole minerals consist of a score of
different minerals of which only five are
regulated by federal standard: amosite,
crocidolite, anthophyllite asbestos, tremolite
asbestos and actinolite asbestos. These are
the only amphibole minerals that have been
commercially exploited for their fibrous
properties; however, the rest can and do
occur occasionally in asbestiform habit.

In addition to the related mineral
interferences, other minerals common in
building material may present a problem for
some microscopists: gypsum, anhydrite,
brucite, quartz fibers, talc fibers or ribbons,
wollastonite, perlite, attapulgite, etc. Other
fibrous materials commonly present in
workplaces are: fiberglass, mineral wool,

- ceramic wool, refractory ceramic fibers,
kevlar, nomex, synthetic fibers, graphite or
carbon fibers, cellulose {paper or wood)
fibers, metal fibers, etc.

Matrix embedding material can sometimes
be a negative interference. The analyst may
not be able to easily extract the fibers from
the matrix in order to use the method. Where
possible, remove the matrix before the
analysis, taking careful note of the loss of
weight. Some common matrix materials are:
vinyl, rubber, tar, paint, plant fiber, cement,
and epoxy. A further negative interference is
that the asbestos fibers themselves may be
either too small to be seen in Phase contrast
Microscopy (PCM) or of a very low fibrous
quality, having the appearance of plant
fibers. The analyst’s ability to deal with these
materials increases with experience.

1.8. Uses and Occupational Exposure -

Asbestos is ubiquitous in the environment,
More than 40% of the land area of the United
States is composed of minerals which may
contain asbestos. Fortunately, the actual
formation of great amounts of asbestos is
relatively rare. Nonetheless, there are
locations in which environmental exposure
can be severe such as in the Serpentine Hills
of California.

There are thousands of uses for asbestos in
industry and the home. Asbestos abatement
workers are the most current seginent of the

population to have occupational exposure to ~

great amounts of asbestos. If the material is’
undisturbed, there is no exposure. Exposure
occurs when the asbestos-containing material
is abraded or otherwise disturbed during
maintenance operations or some other
activity. Approximately 95% of the asbestos
in place in the United States is chrysotile.

Amosite and crocidolite make up nearly all
the difference. Tremolite and anthophyllite
make up a very small percentage. Tremolite
is found in extremely small amounts in
certain chrysotile deposits. Actinolite
exposure is probably greatest from
environmental sources, but has been
identified in vermiculite containing, sprayed-
on insulating materials which may have been
certified as asbestos-free.

1.7. Physical and Chemical Properties

The nominal chemical compositions for
the asbestos minerals were given in Section
1. Compared to cleavage fragments of the
same minerals, asbestiform fibers possess a
high tensile strength along the fiber axis.
They are chemically inert, non- combustible,
and heat resistant. Except for chrysotile, they
are insoluble in Hydrochlonc acid (HCI).
Chrysotile is slightly soluble in HCI. Asbestos
has high electrical resistance and good sound
absorbing characteristics. It can be woven
into cables, fabrics or other textiles, or matted
into papers, felts, and mats.

1.8. Toxicology (This Section is for
Information Only and Should Not Be Taken
as OSHA Policy)

Possible physiologic results of

‘respiratory exposure to asbestos are

mesothelioma of the pleura or
peritoneum, interstitial fibrosis,
asbestosis, pneumoconiosis, or
respiratory cancer. The possible
consequences of asbestos exposure are
detailed in the NIOSH Criteria
Document or in the OSHA Asbestos
Standards 29 CFR 1910.1001 and 29
CFR 1926.1101.

2. Sampling Procedure
2.1. Equipment for Sampling

(a) Tube or cork borer sampling device
(b) Knife

(c) 20 mL scintillation vial or similar vial
(d) Sealing encapsulant

2.2, Safety Precautions

Asbestos is a known carcinogen. Take care
when sampling. While in an’asbestos-
containing atmosphere, a properly selected
and fit-tested respirator should be worn. Take
samples in a8 manner to cause the least
amount of dust. Follow these general
guidelines:

(a) Do not make unnecessary dust.

(b) Take only a small amount (1 to 2 g).

(c) Tightly close the sample contdiner.

(d) Use encapsulant to seal the spot where
the sample was taken, if necessary.

2.3. Sampling Procedure

Samples of any suspect material should be
taken from an inconspicuous place. Where
the material is to remain, seal the sampling
wound with an encapsulant to eliminate the
potential for exposure from the sample site.
Microscopy requires only a few milligrams of
material. The amount that will fill a 20 mL

. scintillation vial is more than adequate. Be

sure to collect samples from all layers and
phases of material. If possible, make separate
samples of each different phase of the
material. This will aid in determining the
actual hazard. DO NOT USE ENVELOPES,
PLASTIC OR PAPER BAGS OF ANY KIND
TO COLLECT SAMPLES. The use of plastic
bags presents a contamination hazard to
laboratory personnel and to other samples.
When these containers are opened, a bellows
effect blows fibers out of the container onto
everything, including the person opening the
conlainer. .

If a cork-borer type sampler is available,
push the tube through the material all the
way, so that all layers of material are

- sampled. Some samplers are intended to be

disposable. These should be capped and sent
to the laboratory. If a non-disposable c¢ork

. borer is used, empty the contents into a

scintillation vial and send to the laboratory
Vigorously and completely clean the cork
borer between samples.

2.4 Shipment

Samples packed in glass vials must not
touch or they might break in shipment.

(a) Seal the samples with a sample seal
(such as the OSHA 21) over the end to guard
against tampering and to identify the sample.

(b) Package the bulk samples in separate.
packages from the air samples. They may
cross-contaminate each other and will
invalidate the results of the air samples.

(c) Include identifying paperwork with the
samples, but not in contact with the
suspected asbestos.

(d) To maintain sample accountability,
ship the samples by certified mail, overnight
express, or hand carry them to the laboratory.

3. Analysis

The analysis of asbestos samples can be
divided into two major parts: sample
preparation and microscopy. Because of the
different asbestos uses that may be
encountered by the analyst, each sample may
need different preparation steps. The choices
are outlined below. There are several
different tests that are performed to identify
the asbestos species and determine the
percentage. They will be explained below.

3.1. Safety

(a) Do not create unnecessary dust. Handle
the samples in HEPA-filter equipped hoods.
If samples are received in bags, envelopes or
other inappropriate container, open them
only in a hood having a face velocity at or
greater than 100 fpm. Transfer a small
amount to a scintillation vial and only
handle the smaller amount. .

(b) Open samples in a hood, never in the
open lab area.

(c) Index of refraction oils can be toxic.
Take care not to get this material on the skin.
Wash immediately with soap and water if
this happens.

(d) Samples that have been heated in the
muffle furnace or the drying oven may be
hot. Handle them with tongs until they are
cool enough to handle.

(e} Some of the solvents used, such as THF
(tetrahydrofuran), are toxic and should only
be handled in an appropriate fume hood and
according to instructions given in the
Material Safety Data Sheet (MSDS).

3.2, Equipment
(a) Phase contrast microscope with 10x,
16x and 40x objectives, 10x wide-field

eyepieces, G-22 Walton-Beckétt graticule,
Whipple disk, polarizer, analyzer and first

- order red or gypsum plate, 100 Watt

illuminator, rotatmg position condenser with
oversize phase rings, central stop dispersion
objective, Kohler illumination and a rotating
mechanical stage.

(b) Stereo microscope with reflected light
illumination, transmitted light illumination,
polarizer, analyzer and first order red or
gypsum plate, and rotating stage.

(c) Negative pressure hood for the stereo
microscope

>
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(d) Muffle furnace capable of 600 °C

(e) Drying oven capable of 50—150 °C

() Aluminum specimen pans

(g) Tongs for handling samples in the
furnace

(h) High dispersion index of refraction oxlq
(Special for dispersion staining.}

n = 1.550
n = 1.585
n = 1.590
n = 1.605
n=1.620
n=1.670
n ="1.680
n = 1.690

(i) A set of index of refraction oils from
about n=1.350 to n=2.000 in n=0.005
increments. (Standard for Becke line
analysis.)

(3) Glass slides with painted or frosted ends
1x3 inches 1mm thick, precleaned.

. (k} Cover Slips 22x22 mm, #1Y2

(1) Paper clips or dissection needles

{m) Hand grinder

{n) Scalpel with both #10 and #11 blades

(0) 0.1 molar HC]

(p) Decalcifying solution (Baxter Scientific
Products) Ethylenediaminetetraacetic Acid,

Tetrasodium.....ccvvvneiviieivinnininies 0.7 /1
Sodium Potassium Tartrate .8.0 mg/liter
Hydrochloric Acid ............ rerseeennines 99.2 g/liter
Sodium Tartrate.......c.eerereieierreneans 0.14 g/liter
_ (q) Tetrahydrofuran (THF)

(r) Hotplate capable of 60 °C
(s) Balance

(t) Hacksaw blade

(u) Ruby mortar and pestle

3.3. Samiple Pre-Preparation

Sample preparation begins with pre-
preparation which may include chemical
reduction of the matrix, heating the sample
to dryness or heating in the muffle furnace.
The end result is a sample which has been
reduced to a powder that is sufficiently fine
to fit under the cover slip. Analyze different
phases of samples separately, e.g., tile and
the tile mastic should be analyzed separately

4 as the mastic may contain asbestos while the
tile may not.

(a) Wet samples

Samples with a high water content will not
give the proper dispersion colors and must be
dried prior to sample mounting. Remove the
lid-of the scintillation vial, place the bottle
in the drying oven and heat at 100 °C to
dryness (usually about 2 h). Samples which
are not submitted to the lab in glass must be
removed and placed in glass vials or
aluminum weighing pans before placing
them in the drying oven.

{b) Samples WitM@rganic Interference—
Muffle Furnace

These may include samples with tar
as a matrix, vinyl asbestos tile, or any

other organic that can be reduced by
heating. Remove the sample from the
vial and weigh in a balance to determine
the weight of the submitted portion.
Place the sample in a muffle furnace at

~ 500 °C for 1 to 2 h or until all obvious

organic material has been removed.

. Retrieve, cool and weigh again to

.determine the weight loss on ignition.
This is necessary to determine the

“asbestos content of the submitted

sample, because the analyst will be
looking at a reduced sample.

Note: Heating above 600 °C will cause the
sample to undergo a structural change which.
given sufficient time, will convert the
chrysotile to forsterite. Heating even at lower
temperatures for 1 to 2 h may have a
measurable effect on the optlcal properties of
the minerals. If the analyst is unsure of what
to expect,a sample of standard asbestos
should be heated to the same temperature for
the same length of time so that it can be
examined for the proper interpretation.

(c) Samples With Organic Interference—THF
Vinyl asbestos tile is the most common
material treated with this solvent, although,

substances containing tar will sometimes
yield to this treatment. Select a portion of the

. material and then grind it up if possible.

Weigh the sample and place it in a test tube.
Add sufficient THF to dissolve the organic
matrix. This is usually about 4 to 5 mL.
Remember, THF is highly flammable. Filter
the remaining material through a tared silver
membrane, dry and weigh to determine how
much is left after the solvent extraction.
Further process the sample to remove
carbonate or mount directly.

_(d) Samples With Carbonate Interference

Carbonate material is often found on fibers
and sometimes must be removed in order to
perform dispersion microscopy. Weigh out a
portion of the material and place it in a test
tube. Add a sufficient amount of 0.1 M HCI
or decalcifying solution in the tube to react
all the carbonate as evidenced by gas
formation; i.e., when the gas bubbles stop,
add a little more solution. If no more gas
forms, the reaction is complete. Filter the
material out through a tared silver
membrane, dry and weigh to determine the

. weight lost.

3.4. Sample Preparation ~

Samples must be prepared so that accurate
determination can be made of the asbestos
type and amount present. The following
steps are carried out in the low-flow hood (a
low-flow hood has less than 50 fpm flow):

(1) If the sample has large lumps, is hard,
or cannot be made to lie under a cover slip,
the grain size must be reduced. Place a small
amount between two slides and grind the
material between them or grind a small

amount in a clean mortar and pestle. The
choice of whether to use an alumina, ruby,
or diamond mortar depends on the hardness
of the material. Impact damage can alter the
asbestos mineral if too much mechanical
shock occurs. (Freezer mills can completely
destroy the observable crystallinity of
asbestos and should not be-used). For some
samples, a portion of material can be shaved
off with a scalpel, ground off with a hand
grinder or hack saw blade.

The preparation tools should either be
disposable or cleaned thoroughly. Use
vigorous scrubbing to loosen the fibers
during the washing. Rinse the implements
with copious amounts of water arid air-dry in
a dust-free environment.

(2) If the sample is powder or has been

. reduced as in (1) above, it is ready to mount.

Place a glass slide on a piece of opfical tissue
and write the identification on the painted or
frosted end. Place two drops of index of
refraction medium n=1.550 on the slide. (The’
medium n=1.550 is chosen because it is the
matching index for chrysotile. Dip the end of
a clean paper-clip or dissecting needle into
the droplet of refraction medium on the slide
to moisten it. Then dip the probe into the
powder sample. Transfer what sticks on the
probe to the slide. The material on the end
of the probe should have a diameter of about
3 mm for a good mount. If the material is
very fine, less sample may be appropriate.
For non-powder samples such as fiber mats. -
forceps should be used to transfer a small
amount of material to the slide. Stir the
material in the medium on the slide,
spreading it out and making the preparation
as uniform as possible. Place a cover-slip on
the preparation by gently lowering onto the
slide and allowing it to fall *“trapdoor”
fashion on the preparation to push out any
bubbles. Press gently on the cover slip to
even out the distribution of particulate on the
slide. If there is insufficient mounting oil on
the slide, one or two drops may be placed
near the edge of the coverslip on the slide.
Capillary action will draw the necessary
amount of liquid into the preparation.
Remove excess oil with the pomt ofa
laboratory wiper.

Treat at least two different areas of each

‘phase in this fashion. Choose representative

areas of the sample. It may be useful to select
particular areas or fibers for analysis. This is
useful to identify asbestos in severely
inhomogeneous samples.

When it is determined that amphiboles
may be present, repeat the above process
using the appropriate high-dispersion oils
until an identification is made or all six
asbestos minerals have been ruled out. Note
that percent determination must be done in
the index medium 1.550 because amphiboles
tend to disappear in their matching
mediums.
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3.5. Analytical Procedure

Note: This method presumes some
knowledge of mineralogy and opncal
petrography. -

" The analysis consists of three parts: The
determination of whether there is asbestos
present, what type is present and the
determination of how much is present. The,
gencral flow of the analysis is:

- (1) Gross examination.

(2) Examination under polarized light on
the stereo microscope.

(3) Examination by phase-polar
ilumination on the compound phase
microscope.

(4) Determination of specles by dl-;perslon

stain. Examination by Becke line analysis
may also be used; however, this is usually
more cumbersome for asbestos
determination.

(5) Difficult samples may need to be
analyzed by SEM or TEM, or the results from
those techniques combined with light
microscopy for a definitive identification.
ldentification of a particle as asbestos
requires that it be asbestiform. Description of *
particles should follow the suggesnon of
Campbel] (Figure 1)

BiLLlNG CODE 4510-26-P



41076 Federal Register / Vol. 59, No. 153/ Wednesday, August 10, 1994 / Rules and Regulations

SINGLE-CRYSTAL CRYSTAL-AGGREGATE
SHAPES ' PATTERNS OR ARRANGEMENTS

SO~ - \...,..,.,,.,..
Ny & - / Q o

\ / <, Aciilar

See "Asbestiform"  Fibrous

)y o
_ - e
Y ™ LY
%% Bladed Al -
com *

e .

Particle deflnltlons showing mineral growth hablts

Figure 1.
. From the U.S. Bureau of Mlnes

BILLING CODE 4510-26-C



Federal Register / Vol. 59,

N

No. 153 / Wednesday, August 10, 1994 / Rules and Regulations 41077

For the purpose of regulation, the mineral
must be one of the six minerals covered and
must be in the asbestos growth habit. Large
specimen samples of asbestos generally have
the gross appearance of wood. Fibers are
easily parted from it. Asbestos fibers are very
long compared with their widths. The fibers
have a very bigh tensile strength as
demonstrated by bending without breaking.
Asbestos fibers exist in bundles that are
easily parted, show longitudinal fine
structure and may be tufted at the ends

- showing “bundle of sticks” morphology. In
the microscope some of these properties may
not be observable. Amphiboles do not always
show striations along their length even when
they are asbestos. Neither will they always
show tufting. They generally do not show a
curved nature except for very long fibers.

- Asbestos and asbestiform minerals are

_usually characterized in groups by extremely

high aspect ratios (greater than 100:1). While
aspect ratio analysis is useful for
characterizing populations of fibers, it cannot
be used to identify individual fibers of
intermediate to short aspect ratio.
Observation of many fibers is often necessary
to determine whether a sample consists of
*“cleavage fragments” or of asbestos fibers.

Most cleavage fragments of the asbestos
minerals are easily distinguishable from true
asbestos fibers. This is because true cleavage

fragments usually have larger diameters than

1 pm. Internal structure of particles larger
than this usually shows them to have no
internal fibrillar structure: In addition,
cleavage fragments of the monoclinic
amphiboles show inclined extinction under
crossed polars with no compensator.
Asbestos fibers usually show extinction at
zero degrees or ambiguous extinction if any
at all. Morphologically, the larger cleavage
fragments are obvious by their blunt or
stepped ends showing prismatic habit. Also,
they tend to be acicular rather than filiform.

Where the particles are less than 1 um in
diameter and have an aspect ratio greater
than or equal to 3:1, it is recommended that
the sample be analyzed by SEM or TEM if
there is any question whether the fibers are
cleavage fragments or asbestiform particles.

Care must be taken when analyzing by
electron microscopy because the
interferences are different from those in light
microscopy and may structurally be very
similar to asbestos. The classic interference is
between anthophyllite and biopyribole or
intermediate fiber. Use the same
morphological clues for electron microscopy
as are used for light microscopy, e.g. fibril
splitting, internal longitudinal striation,
fraying, curvature, etc.

(1) Gross examination:

Examine the sample, preferably in the glass
vial. Determine the presence of any obvious
fibrous component. Estimate a percentage
based on previous experience and current
observation. Determine wbether any pre-
preparation is necessary. Determine the
number of phases present. This step may be

carried out or augmented by observation at 6

“to 40x under a stereo microscope..

(2) After performing any necessary pre-
preparation, prepare slides of each phase as
described above: Two preparations of the
same phase in the same index medium can

be made side-by-side on the same glass for
convenience. Examine with the polarizing

" stereo microscope. Estimate the percentage of

asbestos based on the amount of birefringent
fiber present. '

(3) Examine the slides on the phase-polar
microscopes at magnifications of 160 and

. 400x. Note the morphology of the fibers.

Long, thin, very straight fibers with little
curvature are indicative of fibers from the
amphibole family. Curved, wavy fibers are
usually indicative of chrysotile. Estimate the
percentage of asbestos on the phase-polar
microscope under conditions of crossed
polars and a gypsum plate. Fibers smaller
than 1.0 um in thickness must be identified
by inference to the presence of larger,

- identifiable fibers and morphology. If no

larger fibers are visible, electron microscopy
should be performed. At this point, only a
tentative identification can be made. Full
identification must be made with dispersion
microscopy. Details of the tests are included
in the appendices.

(4) Once fibers have been determined to be
present, they must be identified. Adjust the
microscope for dispersion mode and observe
the fibers. The microscope has a rotating
stage, one polarizing element, and a system
for generating dark-field dispersion
microscopy (see Section 4.6. of this
appendix). Align a fiber with its length
parallel to the polarizer and note the color of
the Becke lines. Rotate the stage to bring the
fiber length perpendicular to the polarizer
and note the color. Repeat this process for
every fiber or fiber bundle examined. The
colors must be consistent with the colors
generated by standard asbestos reference
materials for a positive identification. In
n=1.550, amphiboles will generally show a
yellow to straw-yellow color indicating that
the fiber indices of refraction are higher than
the liquid. If long, thin fibers are noted and
the colors are yellow, prepare further slides
as above in the suggested matching liquids
listed below:

Type of asbestos Index of refraction

~ Chrysatile ................. n=1.550.
Amosite .... n=1.670 r 1.680.
Crocidolite ...... n=1.690.
Anthophyllite n=1.605 nd 1.620.
Tremolite ..... n=1.605 and 1.620.
Actinolite ...........ccc..... n=1.620.

Where more than one liquid is suggested,
the first is preferred; however, in some cases
this liquid will not give good dispersion
color. Take care to avoid interferences in the
other liquid; e.g., wollastonite in n=1.620
will give the same colors ss tremolite. In
n=1.605 wollastonite will appear yellow in
all directions. Wollastonite may be
determined under crossed polars as it will
change from blue to yellow as it is rotated
along its fiber axis by tapping on the cover
slip. Asbestos minerals will not change in
this way.

" Determination of the angle of extinction
may, when present, aid in the determination
of anthophyllite from tremolite. True
asbestos fibers usually have 0° extinction or-
ambiguous extinction, while cleavage -
fragments have more definite extinction.

- Continue analysis until both preparations
have been examined and all present species
of asbestos are identified. If there are no
fibers present, or there is less than 0.1%
present, end the analysis with the minimum
number of slides (2).

(5) Some fibers have a coating on them
which makes dispersion microscopy very
difficult or impossible. Becke line analysis or
electron microscopy may be performed in
those cases. Determine the percentage by
light microscopy. TEM analysis tends to
overestimate the actual percentage present.

(6) Percentage determination is an estimate
of occluded area, tempered by gross
observation. Gross observation information is
used to make sure that the high magnification
microscopy does not greatly over- or under-
estimate the amount of fiber present. This
part of the analysis requires a great deal of
experience. Satisfactory models for asbestos
content analysis have not yet been
developed, although some models based on
metallurgical grain-size determination have
found some utility. Estimation is more easily
handled in situations where the grain sizes
visible at about 160x are about the same and
the sample is relatively homogeneous.

View all of the area under the cover slip
to make the percentage determination. View

.the fields while moving the stage, paying

attention to the clumps of material. These are
not usually the best areas to perform
dispersion microscopy because of the
interference from other materials. But, they
are the areas most likely to represent the
accurate percentage in the sample. Small
amounts of ashestos require slower scanning
and more frequent analysis of individual
fields. )

Report the area occluded by asbestos as the
concentration. This estimate does not
generally take into consideration the-~-. .
difference in density of the different species
present in the sample. For most samples this
is adequate. Simulation studies with similar
materials must be carried out to apply
microvisual estimation for that purpose and
is beyond the scope of this procedure. -

(7) Where successive concentrations have
been made by chemical or physical means,
the amount reported is the percentage of the
material in the “'as submitted” or original
state. The percentage determined by
microscopy is multiplied by the fractions
remaining after pre-preparation steps to give
the percentage in the original sample. For
example:

Step 1. 60% remains after heating at 550
°C for 1 h. Step 2. 30% of the residue of
step 1 remains after dissolution of
carbonate in 0.1 m HCl,

Step 3. Microvisual estimation determines
that 5% of the sample is chrysotile
asbestos. . :

The reported result is:

R=(Microvisual result in percent)x(Fraction
remaining after step 2)x(Fraction
remaining of original sample after step 1)

‘R=(5)x(.30)x(.60)=0.9%

- (8} Report the percent and type of asbestos
present. For samples where asbestos was
identified, but is less than 1.0%, report
**Asbestos present, less than 1.0%."” There
must have been at least two observed fibers
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or fiber bundles in the two preparations to be
reported as present. For samples where
asbestos was not seen, report as “‘None
Detected.” '

Auxiliary Information

Because of the subjective nature of asbestos
analysis, certain concepts and procedures
need to be discussed in more depth. This
information will help the analyst understand.
why some of the procedures are carried out
the way they are. -

4.1. Light

Light is electromagnetic energy. It travels
from its source in packets called quanta. It is
instructive to consider light as a plane wave.
The light has a direction of travel.
Perpendicular to this and mutually
perpendicular to each other, are two vector
components. One is the magnetic vector and
the other is the electric vector. We shall only
be concerned with the electric vector. In this
description, the interaction of the vector and
the mineral will describe all the observable
phenomena, From a light source such a
microscope illuminator, light travels in all
different direction from the filament.

In any given direction away from the
filament, the electric vector is perpendicular
to the direction of travel of a light ray. While
perpendicular, its orientation is random
about the travel axis. If the electric vectors
from all the light rays were lined up by
passing the light through a filter that would
only let light rays with electric vectors -
oriented in one direction pass, the light
would then be POLARIZED.

Polarized light interacts with matter in the
direction of the electric vector. This is the
polarization direction. Using this property it
is possible to use polarized light to probe
different materials and identify them by how
they interact with light.

The speed of light in & vacuum is a
constant at about 2.99x102 m/s. When light
travels in different materials such as air,
water, minerals or oil, it does not travel at
this speed. It travels slower. This slowing is
a function of both the material through which
the light is traveling and the wavelength or
frequency of the light. In general, the more
dense the material, the slower the light
travels. Also, generally, the higher the
frequency, the slower the light will travel.
The ratio of the speed of light in a vacuum
to that in a material is called the index of
- refraction (n). It is usually measured at 589
nm (the sodium D line). If white light (light
containing all the visible wavelengths)
travels through a material, rays of longer
wavelengths will travel faster than those of
shorter wavelengths, this separation is called
dispersion. Dispersion is used as an identifier
of materials as described in Section 4.6.

4.2. Material Properties

Materials are either amorphous or
crystalline. The difference between these two
descriptions depends on the positions of the
atoms in them. The atoms in amorphous
materials are randomly arranged with no long
range order. An example of an amorphous
material is glass. The atoms in crystalline
materials, on the other hand, are in regular
arrays and have long range order. Most of the
atoms can be found in highly predictable

locations. Examples of crystalline material
are salt, gold, and the asbestos minerals.

It is beyond the scope of this method to
describe the different types of crystalline
materials that can be found, or the full
description of the classes into which they can
fall. However, some general crystallography
is provided below to give a foundation to the
procedures described.

With the exception of anthophyllite, all the
asbestos minerals belong to the monoclinic
crystal type. The unit cell is the basic
repeating unit of the crystal and for
monoclinic crystals can be described as
having three unequal sides, two 90° angles
and one angle not equal to 90°. The
orthorhombic group, of which anthophyllite
is a member has three unequal sides and
three 90° angles. The unequal sides are a
consequence of the complexity of fitting the
different atoms into the unit cell. Although
the atoms are in a regular array, that array is
not symmetrical in all directions. There is
long range order in the three major directions
of the crystal. However, the order is different

- in each of the three directions. This has the

effect that the index of refraction is different
in each of the three directions. Using.
polarized light, we can investigate the index
of refraction in eech of the directions and
identify the mineral or material under
investigation. The indices a, B, and y are used
to identify the lowest, middle, and highest
index of refraction respectively. The x
direction, associated with « is called the fast
axis. Conversely, the z direction is associated
with y and is the slow direction. Crocidolite
has a along the fiber length making it
“length-fast’. The remainder of the asbestos
minerals have the y axis along the fiber
length. They are called “length-slow". This
orientation to fiber length is used to aid in
the identification of asbestos.

4.3. Polarized Light Technique

Polarized light microscopy as described in
this section uses the phase-polar microscope
described in Section 3.2. A phase contrast
microscope is fitted with two polarizing
elements, one below and one above the
sample. The polarizers have their
polarization directions at right angles to each
other. Depending on the tests performed,
there may be a compensator between these
two polarizing elements. A compensator is a
piece of mineral with known properties that
“compensates” for some deficiency in the
optical train. Light emerging from a
polarizing element has its electric vector
pointing in the polarization direction of the
element. The light will not be subsequently
transmitted through a second element set at
a right angle to the first element. Unless the
light is altered as it passes from one element
to the other, there is no transmission of light.

4.4. Angle of Extinction .

Crystals which have different crystal
regularity in two or three main directions are
said to be anisotropic. They have a different
index of refraction in each of the main
directions. When such a crystal is inserted

.between the crossed polars, the field of view

is no longer dark but shows the crystal in
color. The color depends on the properties of
the crystal. The light acts as if it travels
through the crystal along the optical axes. If

a crystal optical axis were lined up along one
of the polarizing directions (either the
polarizer or the analyzer) the light would
appear to travel only in that direction, and -
it would blink out or go dark. The difference
in degrees between the fiber direction and
the angle at which it blinks out is called the
angle of extinction. When this angle can be
measured, it is useful in identifying the
mineral. The procedure for measuring the
angle of extinction is to first identify the
polarization direction in the microscope. A
commercial alignment slide can be used to
establish the polarization directions or use
anthophyllite or another suitable mineral.
This mineral has a zero degree angle of
extinction and will go dark to extinction as
it aligns with the polarization directions.
When a fiber of anthophyllite has gone to
extinction, align the eyepiece reticle or
graticule with the fiber so that there is a
visual cue as to the direction of polarization
in the field of view. Tape or otherwise secure
the eyepiece in this position so it will not
shift..

After the polarization direction has been
identified in the field of view, move the
particle of interest to the center of the field
of view and align it with the polarization
direction. For fibers, align the fiber along this
direction. Note the angular reading of the

- rotating stage. Looking at the particle, rotate

the stage until the fiber goes dark or “blinks
out”. Again note the reading of the stage. The
difference in the first reading and the second
is an angle of extinction.

The angle measured may vary as the
orientation of the fiber changes about its long
axis. Tables of mineralogical data usually
report the maximum angle of extinction.
Asbestos forming minerals, when they
exhibit an angle of extinction, usually do
show an angle of extinction close to the
reported maxirnum, or as appropriate
depending on the substitution chemistry.

4.5. Crossed Polars with Compensator

When the optical axes of a crystal are not
lined up along one of the polarizing
directions {either the polarizer or the
analyzer) part of the light travels along one
axis and part travels along the other visible
axis. This is characteristic of birefringent
materials. )

The color depends on the difference of the
two visible indices of refraction and the
thickness of the crystal. The maximum
difference available is the difference between
the a and the y axes. This maximum
difference is usually tabulated as the
birefringence of the crystal.

For this test, align the fiber at 45° to the
polarization directions in order to maximize
the contribution to each of the optical axes.
The colors seen are called retardation colors.
They arise from the recombination of light
which has traveled through the two separate
directions of the crystal. One of the rays is
retarded behind the other since the light in
that direction travels slower. On
recombination, some of the colors which
make up white light are enhanced by
constructive interference and some are
suppressed by destructive interference. The
result is a color dependent on the difference
between the indices and the thickness of the
crystal. The proper colors, thicknesses. and
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retardations are shown on a Michel-Levy
chart. The three items, retardation, thickness
and birefringence are related by the following
relationship: = |

R=t(ny—ng) .
R=retardation, t=crystal thickness in pm, and
ngq=indices of refraction.

Examination of the equation for asbestos
minerals reveals that the visible colors for
almost all common asbestos minerals and
fiber sizes are shades of gray and black. The
eye is relatively poor at discriminating .
different shades of gray. It is very good at
discriminating different colors. In order to
compensate for the low retardation, a
compensator is added to-the light train
between the polarization elements. The
compensator used for this test is a gypsum
plate of known thickness and birefringence.
Such a compensator when oriented at 45° to
the polarizer direction, provides a retardation
of 530 nm of the 530 nm wavelength color.
This enhances the red color and gives the
background a characteristic red to red-
magenta color. If this “full-wave”
compensator is in place when the asbestos
preparation is inserted into the light train,
the colors seen on the fibers are quite
different. Gypsum, like asbestos has a fast
axis and a slow axis. When a fiber is aligned
with its fast axis in the same direction as the
fast axis of the gypsum plate, the ray
vibrating in the slow direction is retarded by
both the asbestos and the gypsum. This
results in a higher retardation than would be

" present for either of the two minerals. The
color seen is a second order blue. When the
fiber is rotated 90° using the rotating stage,
the slow direction of the fiber is now aligned
with the fast direction of the gypsum and the
fast direction of the fiber is-aligned with the
slow direction of the gypsum. Thus, one ray
vibrates faster in the fast direction of the
gypsum, and slower in the slow direction of
the fibér; the other ray will vibrate slower in
the slow direction of the gypsum and faster
in the fast direction of the fiber. In this case,
the effect is subtractive and the color seen is
a first order yellow. As long as the fiber
thickness does not add appreciably to the
color, the same basic colors will be seen for
all asbestgs types except crocidolite. In
crocidolite the colors will be weaker, may be
in the opposite directions, and will be altered
by the blue absorption color natural to
crocidolite. Hundreds of other materials will
give the same colors as asbestos, and
therefore, this test is not definitive for
asbestos. The test is useful in discriminating
against fiberglass or other amorphous fibers
such as some synthetic fibers. Certain
synthetic fibers will show retardation colors
different than asbestos; however, there are
some forms of polyethylene and aramid
which will show morphology and retardation
colors similar to asbestos minerals. This test
must be supplemented with a positive
identification test when birefringent fibers
are present which can not be excluded by
morphology. This'test is relatively ineffective
for use on fibers less than 1 pm in diameter.
For positive confirmation TEM or SEM
should be used if no larger bundles or fibers
are visible.

4.6. Dispersion Staining

Dispersion microscopy or dispersion
staining is the method of choice for the
identification of asbestos in bulk materials.
Becke line analysis is used by some
laboratories and yields the same results as
does dispersion staining for asbestos and can
be used in lieu of dispersion staining.

Dispersion staining is performed on the same -

platform as the phase-polar analysis with the
analyzer and compensator removed. One
polarizing element remains to define the
direction of the light so that the different
indices of refraction of the fibers may be
separately determined. Dispersion
microscopy is a dark-field technique when
used for asbestos. Particles are imaged with
scattered light. Light which is unscattered is
blacked from reaching the eye either by the
back field image mask in a McCrone objective
or a back field image mask in the phase
condenser. The most convenient method is to
use the rotating phase condenser to move an
oversized phase ring into place. The ideal
size for this ring is for the central disk to be
just larger than the objective entry aperture
as viewed in the back focal plane. The larger
the disk, the less scattered light reaches the
eye. This will have the effect of diminishing
the intensity of dispersion color and will
shift the actual color seen. The colors seen
vary even on microscopes from the same
manufacturer. This is due to the different
bands of wavelength exclusion by different
mask sizes. The mask may either reside in
the condenser or in the objective back focal
_plane. It is imperative that the analyst
determine by experimentation with asbestos
standards what the appropriate colors should
be for each asbestos type. The colors depend
also on the temperature of the preparation
and the exact chemistry of the asbestos. -
Therefore, some slight differences from the
standards should be allowed. This is not a
serious problem for commercial asbestos
uses. This technique is used.for identification
of the indices of refraction for fibers by
recognition of color. There is no direct
numerical readout of the index of refraction.
Correlation of color to actual index of
refraction is possible by referral to published
conversion tables. This is not necessary for
the analysis of asbestos. Recognition of
appropriate colors along with the proper
morphology are deemed sufficient to identify
the commercial asbestos minerals. Other
techniques including SEM, TEM, and XRD
may be required to provide additional
information in order to identify other types
of asbestos.

Make a preparation in the suspected
matching high dispersion oil, e.g., n=1.550
for chrysotile. Perform the preliminary tests
to determine whether the fibers are
birefringent or not. Take note of the
morphological character. Wavy fibers are
indicative of chrysotile while long, straight,
thin, frayed fibers are indicative of
amphibole asbestos. This can aid in the
selection of the appropriate matching oil. The
microscope is set up and the polarization
direction is noted as in Section 4.4. Align a
fiber with the polarization direction. Note the
color. This is the color parallel to the
polarizer. Then rotate the fiber rotating the
stage 90° so that the polarization direction is

across the fiber. This is'the perpendicular
position. Again note the color. Both colors
must be consistent with standard asbestos
minerals in the correct direction for a
positive identification of asbestos. If only one
of the colors is correct while the other is not,
the identification is not positive. If the colors
in both directions are bluish-white, the
analyst has chosen a matching index oil
which is higher than the correct matching oil,
e.g. the analyst has used n=1.620 where
chrysotile is present. The next lower oil
(Section 3.5.) should be used to prepare
another specimen. If the color in both
directions is yellow-white to straw-yellow-

_ white, this indicates that the index of the oil

is lower than the index of the fiber, o.g. the
preparation is in n=1.550 while anthophyllite
is present. Select the next higher oil {Section
3.5.) and prepare another slide. Continue in
this fashion until a positive identification of
all asbestos species present has been made or
all possible asbestos species have been ruled
out by negative results in this test. Certain
plant fibers can have similar dispersion
colors as asbestos. Take care to note and
evaluate the morphology of the fibers or
remove the plant fibers in pre- preparation.
Coating material on the fibers such as
carbonate or vinyl may destroy the
dispersion color. Usually, there will be some
outcropping of fiber which will show the
colors sufficient for identification. When this
is not the case, treat the sample as described
in Section 3.3. and then perform dispersion
staining. Some samples will yield to Becke
line analysis.if they are coated or electron
microscopy can be used for identification.
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Shi pyards

PART 1915—[AMENDED]

. The authority citation of 28 CFR
part 1915 continues to read as follows:

Authority: Sec. 41, Longshore and Harbor
Workers Compensation Act (33 U.S.C. 941};
secs. 4, 6, 8, Occupational Safety and Health
Act of 1970 (29 U.S.C. 653, 655, 657); sec. 4
of the Administrative Procedure Act (5 U.S.C.
553); Secretary of Labor’s Order No. 12-71
(36 FR 8754), 8-76 (41 FR 35736} or 1-90 (55
FR 9033}, as applicable; 29 CFR part 1911.

2. Section 1915.1001 is revised to read
as follows:

§1915.1001 Asbestos.

{a) Scope and application. This
section regulates asbestos exposure in
all shipyard employment work as
defined in 28 CFR 1915, including but
not limited to the following:

(1) Demolition or salvage of
structures, vessels, and vessel sections
where asbestos is present; .

{ (2) Removal or encapsulation of
materials containing asbestos;

(3) Construction, alteration; repair,
maintenance, or renovation of vessels,

vessel sections, structures, substrates, or
portions thereof, that contain asbestos:

(4) Installation of products containing
asbestos;

(5) Asbestos spill/emergency cleanup;
and

{6) Transportation, disposal, storage.
containment of and housekeeping
activities involving asbestos or products
containing asbestos, on the site or
location at which constmctlon activities
are performed.

{7) Coverage under this standard shall
be based on the nature of the work ’

operation involving asbestos exposure.

(b) Definitions.

Aggressive method means removal or
disturbance of building/vessel inaterials
by sanding, abrading, grinding, or other
method that breaks, crumbles, or
otherwise disintegrates intact ACM.

Amended water means water to which
surfactant (wetting agent) has been
added to increase the ability of the
liquid to penetrate ACM.

Asbestos includes chrysotile, amosite,
crocidolite, tremolite asbestos,
anthophyllite asbestos, actinolite

_asbestos, and any of these minerals that

has been chemically treated and/or
altered. For purposes of this standard,
“‘asbestos” includes PACM., as defined
below. -

Asbestos-containing material, (ACM)
means any material containing more
than one percent asbestos.

Assistant Secretary means the
Assistant Secretary of Labor for
Occupational Safety and Health, U.S.
Department of Labor, or designee.

Authorized person means any person
authorized by the employer and
required by work duties to be present in
regulated areas.

Building/facility owner is the legal
entity, including a lessee, which
exercises control over management and
record keeping functions relating to a
building and/or facility in which

‘activities covered by this standard take

lace.

Certified Industrial Hygienist (CIH)
means one certified in the
comprehensive practice of industrial
hygiene by the American Board of
Industrial Hygiene.

Class I asbestos work means activities
involving the removal of thermal system
insulation or surfacing ACM/PACM.

Class Il asbestos work means activities
involving the removal of ACM which is

neither TSI or surfacing ACM. This
" includes, but is not limited to, the

removal of asbestos-containing
wallboard, floor tile and sheeting;
roofing and siding shingles, and
construction mastics.

Class Il asbestos work means repair
and maintenance operations, where

“ACM?”, including TSI and ‘surfacing
ACM and PACM, may be disturbed.

Class IV asbestos work means
maintenance and custodial activities .
during which employees contact ACM
and PACM and activities to clean up
waste and debris containing ACM and
PACM.

Clean room means an
uncontaminated room having fac1ht1€-b
for the storage of employees’ street
clothing and uncontaminated materials
and equipment.

Closely resemble means that the major
workplace conditions which have
contributed to the levels of historic
asbestos exposure, are no more

. protective than conditions of the current

workplace. )

Competent person see “Quahﬁed .
person’

Critical barrier means one or more
layers of plastic sealed over all openings
into a work area or any other physical
barrier sufficient to prevent airborne
asbestos in a work area from migrating

" to an adjacent area.

Decontamination area means an
enclosed area adjacent and connected to
the regulated area and consisting of an
equipment room, shower area, and clean
room, which is used for the
decontamination of workers, materials,

. and equipment that are contaminated

with asbestos. ‘

" Demolition means the wrecking or
taking out of any load-supporting
structural member and any related
razing, removing, or stripping of
asbestos products.

Director means the Director, National
Institute for Occupational Safety and
Health, U.S. Department of Health and
Human Services, or designee.

Disturbance means contact which
releases fibers from ACM or PACM or
debris containing ACM or PACM. This
term includes activities that disrupt the
matrix of ACM or PACM, render ACM
or PACM friable, or generate visible

‘debris. Disturbance jncludes cutting

away small amounts of ACM and
PACM, no greater than the amnount
which can be contained in one standard
sized glove bag or waste bag, in order to

access a building or vessel component.

In no event shall the amount of ACM or
PACM so disturbed exceed that which
can be contained in one glove bag or
waste bag which shall not exceed 60 -
inches in length and width.
Employee exposure means that

-exposure to airborne asbestos that

would occur if the employee were not
using respiratory protective equipment.
Equipment room (change room)
means a contaminated room located
within the decontamination area that is
supplied with impermeable bags or
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containers for the disposal of
contaminated protective clothing and
equipment.

Fiber means a particulate form of
asbestos, 5 micrometers or longer, with
a length-to-diameter ratio of at least 3 to
1.

Glovebag means an impervious plastic
bag-like enclosure affixed around an
asbestos-containing material, with
glove-like appendages through which
material and tools may be handled.

High-efficiency particulate air (HEPA)
filter means a filter capable of trapping
and retaining at least 99.97 percent of
all mono-dispersed particles of 0.3
micrometers in diameter.

Homogeneous area means an area of
surfacing material or thermal system
insulation that is uniform in color and
texture.

Industrial hygienist means a
professional qualified by education,
training, and experience to anticipate,
recognize, evaluate and develop
controls for occupational health
hazards. ‘

Intact means that the ACM has not
crumbled, been pulverized, or otherwise
deteriorated so that it is no longer likely
to be bound with its matrix.

. Modification for purposes of
paragraph (g)(6)(2), means a changed or
altered procedure, material or
component of a control system, which
replaces a procedure, material or
component of a required system.
Omitting a procedure or component, or
reducing or diminishing the stringency
or strength of a material or component
of the control system is not a
“modification” for purposes of
paragraph (g)(6)(ii) of this section.

Negative Initial Exposure Assessment
means a demonstration by the employer,
which complies with the criteria in
paragraph (f)(iii) of this section, that
employee exposure during an operation
is expected to be consistently below the
PELs. ’

PACM means ‘‘presumed asbestos
containing material”’.

Presumed Asbestos Containing
Material means thermal system
insulation and surfacing material found
in buildings, vessels, and vessel sections
constructed no later than 1980. The
designation of a material as “PACM”
may be rebutted pursuant to paragraph
(k)(4) of this section. .

Project Designer means a person who
has successfully completed the training
requirements for an abatement project
designer established by 40 U.S.C. .
§763.90(g). .

Qualified person means, in addition
to the definition in 29 CFR 1926.32(f),
one who is capable of identifying
existing asbestos hazards in the

workplace and selecting the appropriate
control stfategy for asbestos exposure,
who has the authority to take prompt
corrective measures to eliminate them,
as specified in 29 CFR 1926.32(f); in
addition, for Class I, 11, IIf, and IV work,
who is specially trained in a training
course which meet the criteria of EPA's
Model Accreditation Plan (40 CFR Part
763) for project designer or supervisor,
or its equivalent.

Regulated area means an area
established by the employer to
demarcate areas where Class I, .11, and III
asbestos work is conducted, and any
adjoining area where debris and waste
from such asbestos work accumulate;
and a work area within which airborne
concentrations of asbestos, exceed or
can reasonably be expected to exceed
the permissible exposure limit.

- Requirements for regulated areas are set

out in paragraph (e)(6) of this section.

Removal means all operations where
ACM and/or PACM is taken out or
stripped from structures or substrates,
and includes demolition operations.

Renovation means the modifying of
any existing vessel, vessel section,
structure, or portion thereof.

Repair means overhauling, rebuilding,
reconstructing, or reconditioning of
vessels, vessel sections, structures or
substrates, including encapsulation or -
other repair of ACM or PACM attached
to structures or substrates. ‘

Surfacing material means material
that is sprayed, troweled-on or
otherwise applied to surfaces (such as
acoustical plaster on ceilings and
fireproofing materials on structural
members, or other materials on surfaces
for acoustical, fireproofing, and other

oses).

Surfacing ACM means surfacing
material which contains more than 1%
asbestos.

Thermal system insulation (TSI)
means ACM applied to pipes, fittings,
boilers, breeching, tanks, ducts or other
structural components to prevent heat
loss or gain.

Thermal system insulation ACM is
thermal system insulation which
contains more than 1% asbestos.

(c) Permissible exposure limits
(PELS)—(1) Time-weighted average
limit (TWA). The employer shall ensure
that no employee is exposed to an
airborne concentration of asbestos in
excess of 0.1 fiber per cubic centimeter
of air as an eight (8) hour time-weighted
average (TWA), as determined by the
method prescribed in Appendix A of
this section, or by an equivalent
method. '

(2} Excursion limit. The employer
shall ensure that no employee is
exposed to an airborne concentration of

asbestos in excess of 1.0 fiber per cubic
centimeter of air (1 f/cc) as averaged
over a sampling period of thirty (30)
minutes, as determined by the method .
prescribed in Appendix A of this
section, or by an equivalent method.

(d) Multi-employer worksites. (1} On
multi-employer worksites, an employer
performing work requiring the
establishment of a regulated area shall
inform other employers on the site of
the nature of the employer’s work with
asbestos and/or PACM, of the existence
of and requirements pertaining to
regulated areas, and the measures taken
to ensure that employees of such other
employers are not exposed to asbestos.

(2) Asbestos hazards at a multi-
employer work site shall be abated by
the.contractor who created or controls
the source of asbestos contamination.
For example, if there is a significant
breach of an enclosure containing Class
I work, the employer responsible for
erecting the enclosure shall repair the
breach immediately.

(3) In addition, a¥l employers of
employees exposed to asbestos hazards
shall comply with applicable protective
provisions to protect their employees.
For example, if employees working
immediately adjacent to a Class I
asbestos job are exposed to asbestos due.
to the inadequate containment of such
job, their employer shall either remove
the employees from the area until the
enclosure breach is repaired; or perform
an initial exposure assessment pursuant
to ara§raph (f)(1) of this section.

4) All employers of employees
working adjacent to regulated areas -
established by another employer on a
multi-employer work- site, shall take
steps on a daily basis to ascertain the .
integrity of the enclosure and/or the
effectiveness of the contro] method
relied on by the primary asbestos
contractor to assure that asbestos fibers
do not migrate to such adjacent areas.

(5) All general contractors on a
shipyard project which includes work
covered by this standard shall be
deemed to exercise general supervisory
authority over the work covered by this
standard, even though the general
contractor is not qualified to serve as the

- asbestos “qualified person” as defined

by paragraph (b) of this section. As
supervisor of the entire project, the
general contractor shall ascertain
whether the asbestos contractor is in
compliance with this standard, and
shall require such contractor to come
into compliance with this standard
when necessary.

(e) Regulate?areas (1)AllClass 1,
and III asbestos work shall be conducted
within regulated areas. All other
operations covered by this standard



41082 Federal Register / Vol. 59,

No. 153 / Wednesday, August 10, 1994 / Rules and Regulations

shall be conducted within a regulated
area where airborne concentrations of
asbestos exceed, or there is a reasonable
possibility they may exceed a PEL.
Regulated areas shall comply with the
requirements of paragraphs (e) (2), (3)
(4) and (5) of this section.

(2) Demarcation. The regulated area
shall be demarcated in any manner that

" -minimizes the number of persons

within the area and protects persons
‘outside the area from exposure to
airborne concentrations of asbestos.
Where critical barriers or negative
pressure enclosures are used, they may
demarcate the regulated area. Signs
shall be provided and displayed
pursuant to the requirements of
paragraph (k)(6) of this section.

(3) Access. Access to regulated areas
shall be limited to authorized persons

- and to persons authorized by the Act or -
regulations issued pursuant thereto.

% 4) Respirators. All persons entering a
regulated area where employees are
required pursuant to-paragraph (h)(2) of
this section to wear respirators shall be
supplied with a respirator selected in
accordance with paragraph (h)(2) of this
section.

(5) Prohibited activities. The
employer shall ensure that employees
do not eat, drink, smoke, chew tobacco
or gum, or apply cosmetics in the
regulated area.

6) Qualified Persons. The employer
shall ensure that all asbestos work
performed within regulated areas is
supervised by a qualified person, as

" defined in paragraph (b) of this section.
The duties-of the qualified person are
set out in paragraph (o) of this section.

(f) Exposure assessments and
monitoring—{1) General monitoring
criteria. (i) Each employer who has a
workplace of work operation where
exposure monitoring is required under
this.section shall perform monitoring to
determine accurately the airborne
concentrations of asbestos to which
employees may be exposed.

(ii) Determinations of employee
exposure shall be made from breathing
zone air samples that are representative
of the 8-hour TWA and 30-minuté short-
term exposures of each employee.

(iii) Representative 8-hour TWA
employee exposure shall be determined
on the basis of one or more samples
representing full-shift exposure for -
employees in each work area.
Representative 30-minute short-term
employee exposures shall be
determined on the basis of one or more
samples representing 30 minute
exposures associated with operations
that are most likely to produce
exposures above the excursion limit for
employees in each work area.

(2) Initial Exposure Assessment. (i)
Each employer who has a workplace or
work operation covered by this standard
shall ensure that a “qualified person”
conducts an exposure assessment
immediately before or at the initiation of
the operation to ascertain expected
exposures during that operation or
workplace. The assessment must be

. completed in time to comply with

requirements which are triggered by
exposure data or the lack of a “negative
exposure assessment,” and to provide
information necessary to assure that all
control systems planned are appropriate
for that operation and will work
properly.

.(i1) Basis of Initial Exposure

" Assessment: The initial exposure

assessment shall be based on data
derived from the following sources:

{A) If feasible, the employer shall
monitor employees and base the
exposure assessment on the results of
exposure monitoring which is
conducted pursuant to the criteria in
para§raph (N(2)(iii) of this section.

B) In addition, the assessment shall"

include consideration of all
observations, information or

.calculations which indicate employee

exposure to asbestos, including any
previous monitoring conducted in the

. workplace, or of the operations of the

employer which indicate the levels of
airborne asbestos likely to be
encountered on the job. However, the
assessment may conclude that
exposures are likely to be consistently
below the PELs only as a conclusion of
a “negative exposure assessment”’
conducted pursuant to paragraph
(H(2)(iii) of this section.

(C) For Class I asbestos work, until the
employer conducts exposure monitoring
and documents that employees on that
job will not be exposed in excess of the
PELs, or otherwise makes a negative
exposure assessment pursuant to
paragraph (f)(2)(iii) of this section, the
employer shall presume that employees
are exposed in excess of the TWA and
excursion limit.

(iii) Negative Initial Exposure
Assessment: For any one specific
asbestos job which will be performed by
employees who have been trained in
compliance with the standard, the
employer may demonstrate that
employee exposures will be below the
PELs by data which conform to the
following criteria;

(A) Objective data demonstrating that
the product or material containing
asbestos minerals or the activity
involving such product or material

. cannot release airborne fibers in

concentrations exceeding the TWA and
excursion limit under those work

conditions having the greatest potential
for releasing asbestos; or

(B) Where the employer has
monitored prior asbestos jobs for the
PEL and the excursion limit within 12
months of the current or projected job,
the monitoring and analysis were
performed in compliance with the
asbestos standard in effect; and the data
were obtained during work operations
conducted under workplace conditions
“closely resembling’’ the processes, type
of material, control methods, work
practices, and environmental conditions
used and prevallmg in the employer's
current operations, the operations were -
conducted by employees whose training
and experience are no more extensive
than that of employees performing the
current job, and these data show that
under the conditions prevailing and
which will prevall in the current.
workplace there is a high degree of -
certainty that employee exposures will
not exceed the TWA and excursion
limit; or

(C) The results of initial exposure
monitoring of the current job made from
breathing zone air samples that are
representative of the 8-hour TWA and
30-minute short-term exposures of each
employee covering operations which are
most likely during the performance of
the entire asbestos job to result in
exposures over the PELSs.

3) Periodic monitoring. (i) Class I and
11 operations. The employer shall - ’
conduct daily monitoring that is
representative of the exposure of each
employee who is assigned to work
within a regulated area who is
performing Class 1 or II work, unless the
employer pursuant to paragraph
{f)(2)(iii) of this section, has made a
negative exposure assessment for the
entire operation. _

(ii) All operations under the standard
other than Class I and II operations. The
employer shall conduct periodic
monitoring of all work where exposures
are expected to exceed a PEL, at
intervals sufficient to document the
validity of the exposure prediction.

(iii) Exception: When all employees
required to be monitored daily are
equipped with supplied-air respirators
operated in the positive-pressure mode,
the employer may dispense with the
daily monitoring required by this
paragraph. However, employees
performing Class I work using a control
method which is not listed in paragraph
(g)(4) (i), (ii), or (iii) of this section or
using a modification of a listed control
method, shall continue to be monitored
daily even if they are equipped with-
supplied-air respirators.

F g(l) Termination of monitoring. If
the periodic monitoring required by
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paragraph (f)(3) of this section reveals .
that employee exposures, as indicated
by statistically reliable measurement,
are below the permissible exposure

limit and excursion limit the employer

may discontinue monitoring for those
employees whose exposures are
represented by such monitoring.

(ii) Additional monitoring.
Notwithstanding the provisions of
paragraph (f) (2) and (3), and (f)(4) of
this section, the employer shall institute
the exposure monitoring required under
paragraph (f}(3) of this section whenever
there has been a change in process,
control equipment, personnel or work
practices that may result in new or
arlditional exposures above the
permissible exposure limit and/or
‘e:;cursion limit or when the employer
b1s any reason to suspect that a change
m:ay result in new or additional
exposures above the permissible
ex.posure limit and/or excursion limit.
Such additional monitoring is required
regardless of whether a “‘negative
exposure assessment’’ was previously
produced for a specific job.

(5) Observation of monitoring. (i) The
employer shall provide affected
employees and their designated
representatives an opportunity to,
observe any monitoring of employee
exposure to asbestos.conducted in
accordance with this section.

{ii) When observation of the
monitoring of employee exposure to
asbestos requires entry into an area
* where the use of protective clothing or

equipment is required, the observer
shal} be provided with and be required
to use such clothing and équipment and
shall comply with all other applicable
safety and health procedures.

(g) Methods of compliance—(1)
Engineering controls and work practices
for all operations covered by this
section. The employer shall use the
following engineering controls and work

- practices in all operations covered by
this section, regardless of the levels of
exposure:

(i) Vacuum cleaners equipped with
HEPA filters to collect all debris and .
dust containing ACM or PACM; and,

(ii) Wet methods, or wetting agents, to
control employee exposures during
asbestos handling, mixing, removal,
cutting, application, and cleanup,
except where employers demonstrate
that the use of wet methods is infeasible

. due to for example, the creation of

- electrical hazards, equipment
malfunction, and, in roofing, slipping
hazards; and

(iii) Prompt clean-up and disposal of
wastes and debris contaminated with
asbestos in leak-tight containers

(2) In addition to the requirements of
paragraph (g)(1) of this section above,
the employer shall-use the {ollowing
contro] methods to achieve compliance
with the TWA permissible exposure
limit and excursion limit prescribed by
paragraph (c) of this section;
(i) Local exhaust ventilation equipped
with HEPA filter dust collection
systems;
(ii) Enclosure or isolation of processes
producing asbestos dust;
(iii) Ventilation of the regulated area
to move contaminated air away from the
breathing zone of employees and toward
a filtration or collection device
equipped with a HEPA filter;
{iv) Use of other work practices and
engineering controls that the Assistant
Secretary can show to be feasible.
" (v) Wherever the feasible engineering
and work practice controls described
above are not sufficient to reduce
employee exposure to or below the
permissible exposure limit and/or
excursion limit prescribed in paragraph
(c) of this section, the employer shall
use them to reduce employee exposure
to the lowest levels attainable by these
controls and shall supplement them by
the use of respiratory protection that
complies with the requirements of
paragraph (h) of this section.

~ (3) Prohibitions. The following work
practices and engineering controls shall
not be used for work related to asbestos
or for work which disturbs ACM or
PACM, regardless of measured levels of
asbestos exposure or the results of
initial exposure assessments:

(i) High-speed abrasive disc saws that
are not equipped with point of cut
ventilator or enclosures with HEPA
filtered exhaust air.

(ii) Compressed air used to remove

" asbestos, or materials containing

asbestos, unless the compressed air is
used in conjunction with an enclosed
ventilation system designed to capture
the dust cloud created by the
compressed air. ‘

(iii) Dry sweeping, shoveling or other-
dry clean-up of dust and debris
containing ACM and PACM.

(iv) Employec rotation as a means of
reducing employee exposure to
asbestos.

(4) Class I Requirements. In addition
to the provisions of paragraphs (g) (1)
and (2) of this section, the following
engineering controls and work practices
and procedures shall be used.

(i) All Class I work, including the
installation and operation of the control
system shall be supervised by a
qualified person as defined in paragraph
(b) of this section; )

{ii) For all Class I jobs involving the
removal of more than 25 linear or 10

square feet of TSI or surfacing ACM or
PACM; for all other Class I jobs, where
the employer cannot produce a negative
exposure assessment pursuant to
paragraph (f)(2)(iii) of this section, or
where employees are working in areas
adjacent to the regulated area, while the
Class I'work is being performed, the
employer shall use one of the following
methods to ensure that airborne asbestos
does not migrate from the regulated
area: ’

(A) Critical barriers shall be placed
over all openings to the regulated area:
or ' -

(B) The employer shall use another
barrier or isolation method which
prevents the migration of airborne
asbestos from the regulated area, as .
verified by perimeter area surveillance
during each work shift at each boundary
of the regulated area, showing no visible
asbestos dust; and perimeter area
monitoring showing that clearance
levels contained in 40 CFR Part 763,
Subpart E of the EPA Asbestos in
Schools Rule are met, or that perimeter
area levels, measured by (PCM) are no
more than background levels
representing the same area before the
asbestos work began. The results of such
monitoring shall be made known to the
employer no later than 24 hours from
the end of the work shift represented by
such monitoring.

(iii) For all Class I jobs, HVAC
systems shall be isolated in the
regulated area by sealing with a double
Jayer of 6 mil plastic or the equivalent;

(iv) For all Class I jobs, impermeable
dropcloths shall be placed on surfaces
beneath all removal activity;

(v) For all Class I jobs, all objects
within the regulated area shall be
covered with impermeable dropcloths
or plastic sheeting which is secured by
duct tape or an equivalent.

(vi) For all Class I jobs where the
employer cannot produce a negative

.exposure assessment or where exposure

mnonitoring shows the PELs are
exceeded, the employer shall ventilate
the regulated area to move contaminated
air away from the breathing zone of
employees toward a HEPA filtration or
collection device.

(5) Specific Control Systems for Class
1 Work. In addition, Class I asbestos
work shall be performed using one or
more of the following control methods
pursuant to the limitations stated below:

(i) Negative Pressure Enclosure (NPE)
systems: NPE systems shall be used
where the configuration of the work area
does not make the erection of the

- enclosure infeasible, with the following

specifications and work practices.
(A) Specifications:
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(1) The negative pressure enclosure
{NPE) may be of any configuration,
{2) At least 4 air changes per hour
shall be maintained in the NPE, -

(3) A minimum of —-0.02 column
inches of water pressure differential,
relative to outside pressure, shall be
maintained within the NPE as

-evidenced by menometric
measurements,

(4) The NPE shall be kept under
negative pressure throughout the period
of its use, and

(5) Air movement shall be directed
away from employees performing
asbestos work within the enclosure, and
toward a HEPA filtration or a collection
device.

(B) Work Practices:

(1) Before beginning work within the
enclosure and at the beginning of each
shift, the NPE shall inspected for
breaches and smoke-tested for leaks,
and any leaks sealed.

(2) Electrical circuits in the enclosure
shall be deactivated, unless equipped
with ground-fault circuit interrupters.

(ii) Glove bag systems, shall be used
to remove PACM andfor ACM from
straight runs of piping with the
following specifications and work
practices.

(A) Specifications:

(1) Glovebags shali be made of 6-mil
thick plastic and shall be seamless at the
bottom.

(2) [Reserved]

(B) Work Practices:

{1) Each glovebag shall be installed so
that it completely covers the
circumference of pipe or other structure
where the work is to be done.

(2) Glovebags shall be smaoke-tested
for leaks and any leaks sealed prior to
use.

(3) Glovebags may be used only once
and may not be moved.

(4) Glovebags shall not be used on
surfaces whose temperature exceeds
150°.

(5) Prior to disposal, glovebags shall
be collapsed by removing air within
them using a HEPA vacuum.

(6) Before beginning the operation,
loose and friable material adjacent to the
glovebag/box operation shall be
wrapped and sealed in two layers of six
mil plastic or otherwise rendered intact.

{7) Where system uses attached waste

.bag, such bag shall be connected to
collection bag using hose or other
material which shall withstand pressure
of ACM waste and water without losing
its integrity:

(8) Sliding valve or other device shail
separate waste bag from hose to ensure
no exposure when waste bag is
disconnected: ,

(9) At least two persons shall perform
Class I glovebag remoxals.

(iii) Negative Pressure Glove Bag
Systems. Negative pressure glove bag
systems shall be used to remove ACM
or PACM from piping. -

(A) Specifications: In addition to
specifications for glove bags systems
above, negative pressure glove bag
systems shall attach HEPA vacuum
system or other device to bag to prevent
collapse during removal.

(B) Work Practices:

(1) The employer shall comply with
the work practices for glove bag systems
in paragraph {g)(5)(ii}(B){2) of this
section,

(2) The HEPA vacuum cleaner or
other device used to prevent collapse of
bag during removal shall run
continually during the operation.

(3) Where a separate waste bag is used
along with a collection bag and
discarded after one use, the collection
bag may be reused if rinsed clean with
amended water before reuse.

(iv) Negative Pressure Glove Box
systems: Negative pressure glove boxes
shall be used to remove ACM or PACM
from pipe runs with the following
specifications and work practices.

(A) Specifications:

(1) Glove boxes shall be constructed
with rigid sides and made from metal or
other material which can withstand the
weight of the ACM and PACM and
water used during removal:

{2) A negative pressure generator shall
be used to create negative pressure in
system:

(3) An air filtration unit shall be
attached to the box: -

(4) The box shall be fitted with gloved
apertures: .

(5) An aperture at the base of the box
shall serve as a bagging -outlet for waste
ACM and water:

(6) A back-up generator shall be
present on site:

(7) Waste bags shall consist of 6 mil
thick plastic double-bagged before they
are filled or plastic thicker than 6 mil.

(B) Work practices:

{1) At least two persons shall perform
the removal: '

(2) The box shall be smoke tested
prior to each use: : :

(3) Loose or damaged ACM adjacent
to the box shall be wrapped and sealed
in two layers of 6 mil plastic prior to the

. job, or otherwise made intact prior to

the job. :
{4) A HEPA filtration system shall be
used to maintain pressure barrier in box.
(v) Water Spray Process System: A
water spray process system may be used
for removal -of ACM and PACM from
cold line piping if, employees carrying

_out such process have completed a 40-

hour separate training course in'its use,
in addition to training required for

employees performing Class I work. The
system shall meet the following
specifications and shall be performed hy
employees using the following work
practices. '

(A) Specifications:

(1) Piping from which insulation will
be removed shall be surrounded on 3
sides by rigid framing,

(2) A 360 degree water spray,
delivered through nozzles supplied by a
high pressure separate water line, shall
be formed around the piping. - )

(3) The spray shall collide to form a
fine aerosol which provides a liquid
barrier between workers and the ACM
and PACM.

(B) Work Practices:

(1) The system shall be run for at least
10 minutes before removal begins.

(2) All removal shall take place within
the barrier.

(3) The system shall be operated by at
least three persons, one of whom shall
not perform removal but shall check
equipment, and ensure proper operation
of the system.

(4) After removal, the ACM and
PACM shall be bagged while still inside
the water barrier.

(vi) A small walk-in enclosure which
accommodates no more than two
persons {mini-enclosure) may be used if
the disturbance or removal can be
completely contained by the enclosure,
with the following specifications and
work practices.

(A) Specifications:

(1) The fabricated or job-made
enclosure shall be constructed of 6 mil
plastic or equivalent:

(2) The enclosure shall be placed
under negative pressure by means of a .
HEPA filtered vacuum or similar
ventilation unit:

(C) Work practices: )

(1) Before use, the minienclosure shall
be inspected for leaks and smoke tested
to detect breaches, and breaches sealed.

(2) Before reuse, the interior shall be
completely washed with amended water
and HEPA-vacuumed.

(3) During use air movement shall be

. directed away from the employee's

breathing zone within the
minienclosure.

(6) Alternative control methods for
Class I work. Class I work may be
performed using a control method
which is not referenced in paragraph
(g)(5) of this section, or which modifies
a control method referenced in
paragraph (g)(5) of this section, if the
following provisions are complied with:

(i) The control method shall enclose,
contain or isolate the processes or
source of airborne asbestos dust, or
otherwise capture or redirect such dust
before it enters the breathing zone of
employees.
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(ii) A certified industrial hygienist or
licensed professional engineer who is
also qualified as a project designer as
defined in paragraph (b) of this section,
shall evaluate the work area, the
projected work practices and the
engineering controls and shall certify in
writing that: the planned control
method is adequate to reduce direct and
indirect employee exposure to below

the PELs under worst-case conditions of

use, and that the planned control
method will prevent asbestos
contamination outside the regulated
area, as measured by clearance sampling
which meets the requirements of EPA’s
Asbestos in Schools Rule issued under
AHERA, or perimeter monitoring which
meets the criteria in paragraph
(g)(4)(i)(B)(2) of this section.

{A) Where the TSI or surfacing
material to be removed is 25 linear or
10 square feet or less , the evaluation
required in paragraph (g}{6) of this
section may be performed by a
“qualified person”, and may omit
consideration of perimeter or clearance
monitoring otherwise required.

(B) The evaluation of employee
exposure required in paragraph (g)(6} of
this section, shall include and be based
on sampling and analytical data
representing employee exposure during
the use of such method under worst-
case conditions and by employees
whose training and experience are
equivalent to employees who are to
perform the current job.

(iii) Before work which involves the
removal of more than 25 linear or 10
square feet of TSI or surfacing ACM/
PACM is begun using an alternative
method which has been the subject of a
paragraph (g)(6) required evaluation and
certification, the employer shall send a
copy of such evaluation and
certification to the national office of
OSHA, Office of Technical Supportm,
Room N3653, 200 Constitution Avenue,
NW, Washington, DC 20210.

(7) Work Practices and Enginecering
Controls for Class Il work.

(i) All Class Il work, shall be
supervised by a qualified person as
defined in paragraph (b) of this section.

(ii) For all indoor Class II jobs, where
the employer has not produced a
negative exposure assessment pursuant
to paragraph (f)(4)(iii) of this section, or
where during the job changed
conditjons indicate there may be
exposure above the PEL or where the
employer does not remove the ACM in
a substantially intact state, the employer
- shall use one of the following methods
to ensure that airborne asbestos does not
migrate from the regulated area;

requirements set out above in paragraph

{A) Critical barriers shall be placed (1) Resilieni flooring/deck material in
over all openings to the regulated area;  buildings/vessels constructed no later
or, than 1980, including associated mastic

(B) The employer shall use another and backing shall be assumed to he
barrier or isolation method which asbestos-containing unless an industrial
prevents the migration of airborne hygienist determines that it is asbestos-
asbestos from the regulated area, as free using recognized analytical
verified by perimeter area monitoring or techniques.
clearance monitoring which meets the (i) For removing roofing material
criteria set out in paragraph which contains ACM the employer shall
(g)(4)(1)(B)(2) of this section. ensure that the following work pracnreb

(iii) Impermeable dropcloths shall be  are followed:
placed on surfaces beneath all removal {A) Roofing material shall be removed
activity; in an intact state to the extent feasible.

(iv) All Class Il asbestos work shall be (B) Wet methods shall be used where
performed using the work practices and  feasible.

(C) Cutting machines shall be
continuously misted during use, unless
a competent person determines that
misting substantially decreases worker
safety.

(D) All loose dust left by the sawing

«operation must be HEPA vacuumed
immediately.

(E) Unwrapped or unbagged roofing
material shall be immediately lowered
to the ground via covered, dust-tight
chute, crane or hoist, or placed in an
imnpermeable waste bag or wrapped in
plastic sheeting and lowered to ground
no later than the end of the work shift.

(F) Upon being lowered, unwrapped
material shall be transferred to a closed
receptacle in such manner so as to
preclude the dispersion of dust.

{G) Roof level ﬁeatmg and ventilation

(g)(3) (i) through (v) of this section.

(8) Additional Controls for Class 11
work. Class I1 asbestos work shall also
be performed by complying with the
work practices and controls designated
for each type of asbestos work to be
performed, set out in this paragraph.
Where more than one control method
may be used for a type of asbestos work,
the employer may choose one or a
combination of designated control
methods. Class I work alse may be
performed using a method allowed for
Class I work, except that glove bags and
glove boxes are allowed if they fully
enclose the Class Il material to be
removed.

(i) For removing vinyl and asphalt
flooring/deck materials which contain
ACM or for which in buildings air intake sources shall be isolated or
constructed not later than 1980, the - the ventilation system shall be shm
employer has not verified the absence of down.

ACM pursuant to paragraph (g)(8)(i)(1): (iii) When removing cementitious

the employer shall ensure that asbestos-containing siding, shingles
employees comply with the following (CACS), or transite panels containing
work practices and that employces are ACM, the employer shall ensure that the
trained in these practices pursuant to following yvork practices are foll'owed:
para raf)h {k}(8) of this section: _(A) Cutting, abrading or breaking

(A) Flooring/deck materials or its siding, shingles, or transite panels shall
backing shall not be sanded. be prohibited unless the employer can

(B) Vacuums equipped with HEPA demonstrate that methods less likely to
filter, disposable dust bag, and metal result in asbestos fiber release cannot be
floor tool (no brush) shall be used to used.
¢lean floors. (B) Each panel or shingle shall be

{C) Resilient sheeting shall be sprayed with amended water prior to
removed by cutting with wetting of the ~ removal,
snip point and wetting during (C) Unwrapped or unbagged panels or
delamination. Rip-up of resilient sheet  shingles shall be immediately lowered
floor material is prohibited. to the ground via covered dust-tight

(D) All scraping of residual adhesive  chute, crane or hoist, or placed in an
and/or backing shall be performed using impervious waste bag or wrapped in
wet methods. plastic sheeting and lowered to the

(E) Dry sweeping is prohibited. ground no later than the end of the work

(F) Mechanical chlppmg is prohibited  shift.
unless performed in a negative pressure (D) Nails shall be cut with flat, sharp
cnclosure which meets the requirements instruments.

(iv) When removing gaskets
containing ACM, the employer shall
ensure that the following work practices
are followed:

{(A) If a gasket is visibly deteriorated
and unlikely to be removed intict,

of paragraph (g)(5)(iv) of this section.

F G) Tiles shall be removed intact,
unless the employer demonstrates that
intact removal is not possible.

(1) When tiles are heated and can be
removed intact, wetting may be omitted.
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removal shall be undertaken within a
glovebag as described in paragraph
(g)(5)(ii) of this section.

{B) The gasket shall be thoroughly
wetted with amended water prior to its
removal.

(C) The wet gasket shall be
immediately placed in a disposal _
container.

(D) Any scraping to remove residue
must be performed wet.

{v) When performing any other Class
Il removal of asbestos containing
material for which specific controls
have not been listed in paragraph
(g)(8)(iv) (A) through (D) of this section,
the employer shall ensure that the
following work practices are complied
with.

(A) The material shall be thoroughly
wetted with amended water prior and
during its removal.

(B) The material shall be removed in
an intact state unless the employer
demonstrates that intact removal is not
possible.

(C) Cutting, abrading or breaking the
material shall be prohibited unless the
employer can demonstrate that methods
less likely to result in asbestos fiber
release are not feasible.

{D) Asbestos-containing material
removed, shall be immediately bagged
or wrapped, or kept wetted until
transferred to a closed receptacle, no
later than the end of the work shift.

(vi) Alternative Work Practices and
Controls. Instead of the work practices
and controls listed in paragraphs (g)(8)
(i) through {v) of this section, the
employer may use different or modified
engineering and work practice controls
if the following provisions are complied
with. -

{A) The employer shall demonstrate
by data representing employee exposure
during the use of such method under
conditions which closely resemble the
conditions under which the method is
to be used, that employee exposure will
not exceed the PELs under any
anticipated circumstances.

(B) A qualified person shall evaluate
the work area, the projected-work
practices and the engineering controls,
and shall certify in writing, that the
different or modified controls are
adequate to reduce direct and indirect
employee exposure to below the PELs
under all expected conditions of use
and that the method meets the
requirements of this standard. The
evaluation shall include and be based
on data representing employee exposure
during the use of such method under
conditions which closely resemble the
conditions under which the method is
to be used for the current job, and by
employees whose training and

i

experience are equivalent to employees
who are to perform the current job.

(9) Work Practices and Engineering
Controls for Class III asbestos work.
Class III asbestos work shall be
conducted using engineering and work
practice controls which minimize the
exposure to employees performing the
asbestos work and to bystander
employees.

(1) The work shall be performed using
wet methods.

(ii) To the extent feasible, the work
shall be performed using local exhaust
ventilation.

(iii) Where the disturbance involves
drilling, cutting, abrading, sanding,
chipping, breaking, or sawing of thermal
system insulation or surfacing material,
the employer shall use impermeable
dropcloths and shall isolate the
operation using mini-enclosures or
glove bag systems pursuant to paragraph
(g)(5) of this section.

(iv) Where the employer does not
demonstrate by a negative exposure
assessment performed in compliance
with paragraph {f)(a){iii) of this section
that the PELs will not be exceeded, or
where monitoring results show
exceedances of a PEL, the employer
shall contain the area using
impermeable dropcloths and plastic
barriers or their equivalent, or shall
isolate the operation using mini-

) enclosure or glove bag systems pursuant

aragraph (g}(5) of this section.

&) Empfoyees performing Class Il
jobs which involve the disturbance of
TSI or surfacing ACM or PACM or
where the employer does not
demonstrate by a ‘“‘negative exposure
assessment” in compliance with
paragraph {€)(4)(iii) of this section that
the PELs will not be exceeded or where
monitoring results show exceedances of
the PEL, shall wear respirators which
are selected, used and fitted pursuant to-
provisions of paragraph (h) of this
section.

(10) Class IV asbestos work. Class IV
asbestos jobs shall be conducted by
employees trained pursuant to the
asbestos awareness training program set
out in paragraph (k)(8) of this section. In
addition, all Class 1V jobs shall be ’
conducted in conformity with the
requirements set out in paragraph (g)(1)
of this section, mandating wet methods,
HEPA vacuums, and prompt clean up of
debris containing ACM or PACM.

(i) Employees cleaning up debris and
waste in a regulated area where
respirators are required shall wear

respirators which are selected, used and

fitted pursuant to provisions of
paragraph (h) of this section.

(ii) Employers of employees cleaning
up waste and debris in an area where

friable TSI or surfacing ACM/PACM is
accessible, shall assume that such waste
and debris contain asbestos.

(11) Specific compliance methods for
brake and clutch repair: (i) Engineering
controls and work practices for brake
and clutch repair and service. During
automotive brake and clutch inspection.
disassemnbly, repair and assembly
operations, the employer shall institute
engineering controls and work practices
to reduce employee exposure to
materials containing asbestos using a
negative pressure enclosure/HEPA
vacuum system method or low pressure/
wet cleaning method, which meets the
detailed requirements set out in
Appendix L to this section. The
employer may also comply using an
equivalent method which follows
written procedures which the employer
demonstrates can achieve results .
equivalent to Method 'A. For facilities in
which no more than 5 pair of brakes or
5 clutches are inspected, disassembled,
repaired, or assembled per week, the
method set for in paragraph (D] of
Appendix L to this section may be used.

(ii) The employer may also comply by
using an equivalent method which
follows written procedures, which the
employer demonstrates can achieve
equivalent exposure reductions as do
the two “‘preferred methods.” Such
demonstration must include monitoring -
data conducted under workplace
conditions closely resembling the
process, type of asbestos containing
materials, control method, work
practices and environmental conditions
which the equivalent method will be
used, or objective data, which document
that under all reasonably foreseeable
conditions of brake and clutch repair
applications, the method results in
exposures which are equivalent to the
methods set out in Appendix L.

(h) Respiratory protection (1) General.
The employer shall provide respirators.
and ensure that they are used, where
required by this section. Respirators
shall be used in the following
circumstances:

(i) During all Class I asbestos jobs.

(i1) During all Class Il work where the
ACM is not removed in a substantially
intact state. .

(iii) During all Class Il and III work
which is not performed using wet
methods.

(iv) During all Class 11 and 1II asbestos
jobs where the employeér does not
produce a ‘‘negative exposure
assessment’’.

(v) During all Class I jobs where TSI
or surfacing ACM or PACM is being
disturbed. '

(vi) During all Class IV work
performed within regulated areas where:
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employees performing other work are
required to wear respirators.

?vn) During all work covered by this
section where employees are exposed
above the TWA or excursion limit.

(viii) In emergencies.

(2) Respirator selection. (i) Where
respirators are used, the employer shall
select and provide, at no cost to the
employee, the appropriate respirator as
specified in Table 1, and shall ensure

that the employee uses the respirator
provided. -

(ii) The employer shall select
respirators from among those jointly
approved as being acceptable for
protection by the Mine Safety and
Health Administration (MSHA) and the
National Institute for Occupational
Safety and Health (NIOSH) under the
provisions of 30 CFR Part 11.

(iii) The employer shall provide a
tight fitting powered, air-purifying
respirator in lieu of any negative-
pressure respirator specified in Table 1
whenever:

(A) An employee performing Class I,
11 or Il work chooses to use this type of
respirator; and

(B) This respirator will provide
adequate protection to the employee.

TABLE 1.—RESPIRATORY PROTECTION FOR ASBESTOS FIBERS

Airborne concentration of asbestos or condi-
tions of use

Required respirator -

Not in excess of 1 ticc (10) X PEL), or other-
wise as required independent of exposure
pursuant to (h)(2)(iv).

Not in excess of 5 f/cc (50 X PEL) .ccreveeivinnens

Not in excess of 10 f/cc (100 X PEL) .....ccceeieeee

Not in excess of 100 f/cc (1,000 X PEL)

Greater than 100 f/cc (1,000 X PEL) or un-
known concentration.

ciency filters.

Half-mask air purifying respirator other than a disposable respirator, equipped with high effi-

- Full facepiece air-purifying respirator equipped with high efficiency filters.
Any powered air-purifying respirator equipped with high efficiency filters or any supplied air
respirator operated in continuous flow mode.
Full facepiece supplied air respirator operated in pressure demand mode.
Full facepiece supplied air respirator operated in pressure demand mode, equlpped with an
auxiliary positive pressure self-contained breathing apparatus.

Note: a. Respirators.assigned for high environmental concentrations may be used at lower concentrations, or when required respirator use is

independent of concentration.

b. A high efficiency filter means a filter that is at Ieast 99.97 percent efficient against mono-dispersed particles of 0.3 micrometers in diameter

or larger.

(iv) In addition to the above selection
criterion, the employer shall provide a
half-mask air purifying respirator, other
than a disposable respirator, equipped
with high efficiency filters whenever the
employee performs the following
activities: Class II and Il asbestos jobs
where the employer does not produce a
negative exposure assessment; and Class
I jobs where TSI or surfacing ACM or
PACM is being disturbed.

(v) In addition to the above selection
criteria, the employer shall provide a
full facepiece supplied air respirator
operated in the pressure demand mode
equipped with an auxiliar76y positive
pressure self-contained breathing
apparatus for all employees within the
regulated area where Class I work is
being performed for which a negative
exposure assessment has not been
produced.

"(3) Respirator program. (i) Where
respiratory protection is used, the
employer shall institute a respirator
program in accordance with 29 CFR -
1910.134(b), (d), (e), and ().

(ii) The employer shall permit each
employee who uses a filter respirator to
change the filter elements whenever an
increase in breathing resistance is
detected and shall maintain an adequate -
supply of filter elements for this
purpose.

(iii) Employees who wear respirators
shall be permitted to leave work areas
to wash their faces and respirator
facepieces whenever necessary to

prevent skin irritation associated with
respirator use.

(iv) No employee shall be assigned to
tasks requiring the use of respirators if,
based on his or her most recent
examination, an examining physician
determines that the employee will be
unable to function normally wearing a
respirator, or that the safety or health of
the employee or of other employees will
be impaired by the use of a respirator.
Such employee shall be assigned to
another job or given the opportunity to
transfer to a different position the duties
of which ke or she is able to perform
with the same employer, in the same
geographical area, and with the same
seniority, status, and rate of pay and
other job benefits he or she had just
prior to gach transfer, if such a different
position is available.

(4) Respirator fit testing. (i) The
employer shall ensure that the respirator
issued to the employee exhibits the least

" possible facepiece leakage and that the

respirator is fitted properly.

(ii) Employers shall perform either
quantitative or qualitative face fit tests
at the time of initial fitting and at least
every 6 months thereafter for each
employee wearing a negative-pressure
respirator. The qualitative fit tests may

‘be used only for testing the fit of half-

mask respirators where they are
permitted to be worn, or of full-
facepiece air purifying respirators where
they are worn at levels at which half-
facepiece air purifying respirators are
permitted. Qualitative and quantitative

fit tests shall be conducted in
accordance with Appendix C of this
section. The tests shall be used to select
facepieces that provide the required
protection as prescribed in Table 1, in
paragraph (h)(2)(iii) of this section.

(i) Protective clothing (1) General. The
employer shall provide and require the
use of protective clothing, such as
coveralls or similar whole-body °
clothing, head coverings, gloves, and
foot coverings for any employee
exposed to airborne concentrations of
asbestos that exceed the TWA and/or
excursion limit prescribed in paragraph
(c) of this section, or for which a
required negative exposure assessment -
is not produced, and for any employee
performing Class I operations which
involve the removal of over 25 linear or -
10 square feet of TSI or surfacing ACM
or PACM. .

(2) Laundering. (i) The employer shall .
ensure that laundering of contaminated
clothing is done so as to prevent the:
release of airborne asbestos in excess of
the TWA or excursion limit prescribed
in paragraph (c) of this section.

1i) Any employer who gives

. contaminated clothing to another person

for laundering shall inform.such person
of the requirement in paragraph (i)(2)(i)
of this section to effectively prevent the
release of airborne asbestos in excess of
the TWA excursion limit prescribed in -
paragraph (c) of this section.

(3) Contaminated clothing.
Contaminated clothing shall be
transported in sealed impermeable bags.



41088 Federal Register / Vol. 59,

No. 153 / Wednesday, August 10, 1994 / Rules and Regulations

or other closed, impermeable
containers, and be labeled in accordance
with paragraph (k) of this section.

(4) Inspection of protective cIothmg
(i) The qualified person shall examine
worksuits worn by employees at least
once per workshift for rips or tears that
may occur during performance of work.

(ii) When rips or tears are detected
while an employee is working, rips and
tears shall be immediately mended, or
the worksuit shall be immediately
replaced.

(j) Hygiene facilities and pructices for
employees. (1) Requirements for
employees performing Class1 asbestos
jobs.

(i) Decontamination areas: For all
Class I jobs involving over 25 linear or
10 square feet of TSI or surfacing ACM
or PACM, the employer shall establish
a decontamination area that is adjacent
and connected to the regulated area for
the decontamination of such employees.
The decontamination area shall consist
of an equipment room, shower area, and
clean room in series. The employer shall
ensure that employees enter and exit the
regulated area through the
decontamination area.

(A) Equipment room. The equipment
" room shall be supplied with

impermeable, labeled bags and
containers for the containment and
disposal of contaminated protective
equipment.

(B) Shower area. Shower facilities
shall be provided which comply with 29

.CFR 1910.141(d)(3), unless the
employer can demonstrate that they are
not feasible. The showers shall be
adjacent both to the equipment room
and the clean room, unless the employer
can demonstrate that this location is not

“feasible. Where the employer can
demonstrate that it is not feasible to
locate the shower between the
equipment room and the clean rcom, or
where the work is performed outdoors,
or when the work involving asbestos
exposure takes place on board a ship,
the employers shall ensure that
employees:

. (1) Remove asbestos contamination
from their worksuits in the equipment
room using a HEPA vacuum before
proceeding to a shower that is not
adjacent to the work area; or

(2) Remove their contaminated
worksuits in the equipment room, then
don clean worksuits, and proceed to a
shower that is not adjacent to the work
area.

(C) Clean change room. The clean
room shall be equipped with a locker or
appropriate storage container for each
employee’s use. When the employer can
demonstrate that it is not feasible to
provide a clean change area adjacent to

the work area; or where the work is
performed outdoors, or when the work
takes place aboard a ship, the employer
may permit employees engaged in Class
T asbestos jobs to clean their protective
clothing with a portable HEPA-
equipped vacuum before such
employees leave the regulated area.
Such employees however must then
change into street clothing in clean
change areas provided by the employer
which otherwise meet the requlrements
of this section.

(ii) Decontamination area entry
procedures. The employer shall ensure
that employees:

(A) Enter the decontamination area
through the clean room;

(B) Remove and deposit street
clothing within a locker provided for
their use; and

(C) Put on protective clothing and
respiratory protection before leaving the
clean room.

(D) Before entering the regulated area,
the employer shall ensure that
employees pass through the equipment
room. -

(iii) Decontamination area exit
procedures. The employer shall ensure
that:

(A) Before leaving the regulated area,
employees shall remove all gross
contamination and debris from their
protective clothing.

(8) Employees shall remove their
protective clothing in the equipment

room and deposit the clothing in labeled

impermeable bags or containers.

(C) Employees shall not remove their
respirators in the equipment room.

(D) Employees shall shower prior to .
entering the clean room.

(E) After showering, employees shall
enter the clean room before changing
into street clothes.

(iv) Lunch Areas. Whenever food or
beverages are consumed at the worksite
where employees are performing Class 1
asbestos work, the employer sh
provide lunch areas in which th
airborne concentrations of asbestos are
below the permissible exposure limit
and/or excursion limit.

(2) Requirements for Class 1 work
involving less than 25 linear or 10
square feet of TSI or surfacing and
PACM., and for Class II and Class HI
asbestos work operations where
exposures exceed a PEL or where there
is no negative exposure assessment
produced before the operation.

-(i) The employer shall establish an
equipment room or area that is adjacent
to the regulated area for the
decontamination of employees and thelr
equipment which is contaminated with
asbestos which shall consist of an area
covered by a impermeable drop cloth on

the floor/deck or horizontal working
surface.

(ii) The area must be of sufficient size
as to accommodate cleaning of
equipment and removing personal
protective equipment without spreading
contamination beyond the area {as
determined by visible accumulations).

-(iii) Workclothing must be cleaned
with a HEPA vacuum before it is
removed.

(iv) All equipment and surfaces of
containers filled with ACM must be
cleaned prior to removing them from the
equipment room or area.

(v) The employer shall ensure that
employees enter and exit the regulated
area through the equipment room or
area.

(3) Requirements for Class IV work.
Employers shall ensure that employees
performing Class IV work within a
regulated area comply with the hygiene
practice required of employees
performing work which has a higher |
classification within that regulated area.
Otherwise employers of employees
cleaning up debris and material which
is TSI or surfacing ACM or identified as
PACM shall provide decontamination
facilities for such employees which are
required by paragraph (j)(2) of this
section.

(4) Smoking in work areas. The
employer shall ensure that employees
do not smoke in work areas where they
are occupationally exposed to asbestos
because of activities in that work area.

(k) Communication of hazards.

Note: This section applies to the
communication of information concerning
asbestos hazards in shipyard employment
activities to facilitate compliance with this
standard. Most asbestos-related shipyard
activities involve previously installed
building materials. Building/vessel owners
often are the only and/or best sources of
information concerning them. Therefore,
they, along with employers of potentially
exposed employees, are assigned specific
information conveying and retention duties
under this section. Installed Asbestos
Containing Building/Vessel Material:
Employers and building/vessel owners are
required to treat TSI and sprayed or troweled
on surfacing materials as asbestos-containing
unless the employer, by complying with
paragraph (k)(4) of this section determines
that the material is not asbestos-containing.
Asphalt or vinyl flooring/decking material
installed in buildings or vessels no later than
1980 must also be considered as asbestos
containing unless the employer/owner,

_pursuant to paragraph (g), of this section

determines it is not asbestos containing, If
the employer or building/vessel owner has
actual knowledge or should have known,
through the exercise of due diligence, that
materials other than TSI and sprayed-on or
troweled-on surfacing materials are asbestos-
containing, they must be treated as such.
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When communicating information to
employees pursuant to this standard, owners
-and employers shall identify “PACM” as
ACM. Additional requirements relating to
communication of asbestos work on multi-
employer worksites are set cut in paragraph
(d) of this standard.

(1) Duties of building/vessel and,
facility owners. (i) Before work subject
to this standard is begun, building/
vessel and facility owners shall identify
the presence, location and quantity of
ACM, and/or PACM at the work site. All
thermal system insulation and sprayed
on or troweled on surfacing materials in
buildings/vessels or substrates
constructed no later than 1980 shall be
identified as PACM. In addition,
resilient flooring/decking materiai
installed no later than 1980 shall also be
identified as asbestos-containing.

{ii) Building/vessel and/or facility
owners shail notify the following

" persons of the presence, location and
quantity of ACM or PACM, at work sites
in their buildings/facilities/vessels.
Notification either shall be in writing or
shall consist of a personal
communication between the owner and
the person to whom notification must be
given or their authorized
representatives:

(A) Prospective employers applying or
bidding for work whose employees
reasonably can be expected to work in
or adjacent to areas containing such
material;

(B) Employees of the owner who will
work in or adjacent to areas containing
such material:

(C) On multi-employer worksites, all
employers of employees who will be
performing work within or adjacent to
areas containing such materials;

(D) Tenants who will occupy areas
containing such materials.

(2) Duties of employers whose
-employees perform work subject to this
standard in or adjacent to areas
containing ACM and PACM. Building/
vessel and facility owners whose
employees perform such work shall
comply with these provisions to the
extent applicable.

(i) Betore work in areas containing
ACM and PACM is begun, employers
shall identify the presence, location,
and quantity of ACM, and/or PACM
therein.

(ii) Before work under this standard is
performed smployers of employees who
will perform such work shall inform the
following persons of the location and
quantity of ACM and/or PACM present
at the work site and the precautions to

" be taken to insure that airborne asbestos
is confined to the area.

(A) Owners of the building/vessel or
facility;

(B) Employees who will perform such
work and employers of employees who
work and/or will be working in adjacent
areas;

(iii) Within 10 days of the completion
of such work, the employer whose
employees have performed work subject
to this standard, shall inform the
building/vessel or facility owner and
employers of employees who will be
working in the area of the current
location and quantity of PACM and/or
ACM remaining in the former regulated
area and final monitoring results, if any.

{3) In addition to the above
requirements, all employers who
discover ACM and/or PACM on a work
site shall convey information
concerning the presence, location and
quantity of such newly discovered ACM
and/or PACM to the owner and to other
employers of employees working at the
work site, within 24 hours of the
discovery.

(4) Criteria to rebut the designation of
installed material as PACM. {i) At any
time, an employer and/or building/
vessel owner may demonstrate, for
purposes of this standard, that PACM
does not contain asbestos. Building/
vessel owners and/or employers are not
required to communicate information
about the presence of building material
for which such a demonstration
pursuant to the requirements of
paragraph (k}(4)(ii) of this section has
been made. However, in-all such cases,
the information, data and analysis
supporting the determination that
PACM does not contain asbestos, shall
be retained pursuant to paragraph {n) of
this section.

(ii) An employer or owner may
demonstrate that PACM does not
contain asbestos by the following:

(A) Having a completed inspection
conducted pursuant to the requirements
of AHERA {40 CFR Part 763, Subpart E)

“which demonstrates that the material is

not ACM;

(B) Performing tests of the material
containing PACM which demonstrate
that no asbestos is present in the
material. Such tests shall include
analysis of 3 bulk samples of each

-homogeneous area of PACM collected in

a randomly distributed manner. The

‘tests, evaluation and sample collection

shall be conducted by an accredited
inspector or by a CIH. Analysis of
samples shall be performed by persons
or laboratories with proficiency
demonstrated by current successful
participation in a nationally recognized
testing program such as the National
Voluntary Laboratory Accreditation
Program (NVLAP) of the National
Institute for Standards and Technology
(NIST) of the Round Robin for bulk

samples administered by the American
Industrial Hygiene Association (AIHA),
or an equivalent nationally-recognized

round robin testing program..

{5) At the entrance to mechanical
rooms/areas in which employees
reasonably can be expected to enter and
which contain TSI or surfacing ACM
and PACM, the building/vessel owner
shall post signs which identify the
material which is present, its location,
and appropriate work practices which,
if followed, will ensure that ACM and/
or PACM will not be disturbed.

{6) Signs. (i) Warning signs that
demarcate the regulated area shall be
provided and displayed at each location
where a regulated area is required to be
established by paragraph (e) of this
section. Signs shall be posted at such a
distance from such a location that an
employee may read the signs and take
necessary protective steps befors
entering the area marked by the signs.

(ii) The warning signs required by
(k)(6) of this section shall bear the
following information.

DANGER
ASBESTOS

CANCER AND LUNG DISEASE HAZARD
AUTHORIZED PERSONNEL ONLY

RESPIRATORS AND PROTECTION
CLOTHING ARE REQUIRED IN THIS AREA

{7) Labels. (i) Labels shall be affixed
to all products containing asbestos and
to all containers containing such
products, including waste containers.
Where feasible, installed asbestos
products shall contain a visible label.

(ii) Labels shall be printed in large,
bold letters on a contrasting
background.

(iii) Labels shall be used in
accordance with the requirements of 29
CFR 1910.1200(f) of OSHA’s Hazard
Communication standard, and shall
contain the following information:

DANGER
CONTAINS ASBESTOS FIBERS
AVOID CREATING DUST

CANCER AND LUNG DISEASE HAZARD

(iv) [Reserved)

(v) Labels shall contain a warning
statemnent against breathmg asbestos
fibers.

{vi) The provisions for labels required
by paragraphs (k)(2) (i) through (k}(2)
(iii) of this section do not apply where:

(A) Asbestos fibers have been -
modified by a bonding agent, coating,
binder, or other material, provided that
the manufacturer can demonstrate that,
during any reasonably foreseeable use,
handling, storage, disposal, processing,
or transportation, no airberne
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concentrations of asbestos fibers in
excess of the permissible exposure limit
and/or excursion limit will be released,
or
(B) Asbestos is present in a product in
concentrations less than 1.0 percent by
weight.
(vu) When a building/vessel owner/or
employer identifies previously installed
PACM and/or ACM, labels or signs shall
be affixed or posted so.that employees
will be notified of what materials
contain PACM and/or ACM. The
employer shall attach such labels in
areas where they will clearly be noticed
by employees who are likely to be
exposed, such as at the entrance to.
mechanical rooms/areas. Signs required
by paragraph (k)(5) of this section may
be posted in lieu of labels so long as
they contain information required for
labelling.
(8) Employee lnformatlon and
training. (i) The employer shall, at no
cost to the employee,institute a training
- program for all employees who install
asbestos containing products and for all
employees who perform Class [ through
1V asbestos operations, and shall ensure
their participation in the program.
(ii) Training shall be provided prior to
or at the time of initial assignment and
at least annually thereafter.
(iii) Training for Class I and Il
operations shall be the equivalent in
curriculum, training method and length
to the EPA Model Accreditation Plan
(MAP) asbestos abatement worker
training (40 CFR Pt. 763, Subpt. E, App.
C). For employers whose Class Il work
with asbestos-containing material
involves only the removal and/or
disturbance of one generic category of
building/vessel material, such as roofing
materials, flooring/deck materials,
siding materials or transite panels,
instead, such employer is required to
. train employees who perform such work
" by providing a training course which
includes as a minimum all the elements
included in paragraph (k}(8)(v) of this
section and in addition, the specific
work practices and engineering controls
set forth in paragraph (g) of this section
which specifically relate to that material
category. Such course shall.include

“hands-on" training and shall take at
least 8 hours.

(iv) Training for Class Il employees = .

shall be the equivalent in curriculum
and training method to the 16-hour
Operations and Maintenance course
developed by EPA for maintenance and
custodial workers who conduct-

. -activities that will result:in the -
disturbance of ACM. [See 40 CFR
763.92(a)(2)]. Such course shall include
“hands-on” training in the use of
respiratory protection and work

practices and shall take at least 16
hours,

(v) Training for employees performing
Class IV operations shall be the
equivalent in curriculum and training
method to the awareness training course

developed by EPA for maintenance and .

custodial workers who work in
buildings containing asbestos-
containing material. (See 40 CFR 763.92
(a)(1)). Such course shall include
available information concerning the
Jocations of PACM and ACM, and

asbestos-containing flooring material, or

flooring material where the absence of
asbestos has not been certified; and
instruction in recognition of damage,
deterioration, and delamination of
asbestos containing building materials.
Such course shall take at least 2 hours.

{vi) The training program shall be
conducted in a manner that the
employee is able to understand. In
addition to the content required by
provisions in paragraph (k)(8)(iii) of this
section, the employer shall ensure that
each such employee is informed of the
following:

(A) Methods of recognizing asbestos,

.including the requirement in paragraph
(k}(1) of this section to presume that
certain building materials contain
asbestos.; o

(B} The health effects associated with
asbestos exposure;

(C) The relatlonshlp between smoking
and asbestos in producing lung cancer;

(D} The nature of operations that
could result in exposure to asbestos, the
importance of necessary protective
controls to minimize exposure
including, as apphcable engineering
controls, work practices, respirators,
housekeeping procedures, hygiene
facilities, protective clothing,
decontamination procedures, emergency
procedures; and waste disposal
procedures, and any necessary °
instruction in the use of .these controls .
and procedures; where Class Il and IV
work will be or is performed, the
contents of EPA 20T-2003, *“Managing
Asbestos In-Place” July 1990 or its
equivalent in content;

(E) The purpose, proper use, fitting
instructions, and limitations of
respirators as required by 29 CFR
1910.134;

(F) The appropriate work practices for
performing the asbestos job; :

(G) Medical surveillance program
requirements; and

H) The content of this standard,
including appendices. -

(I) The names, addresses and phone
numbers of public health organizations
which provide information, materials
and/or conduct programs concerning
smoking cessation. The employer may

distribute the list of such organizations
contained in Appendix ], to comply
with this requirement.

(J) The requirements for postmg SIgns .
and affixing labels and the meaning of

‘the required legends for such signs and

labels.

(9) Access to training materials. (i)
The employer shall make readily
available to affected employees without
cost written materials relating to the
employee training program, including a
copy of this regulation.

(ii) The employer shall provide to the
Assistant Secretary and the Director,
upon request, all information and
training materials relating to the
employee information and training
program.

(iii) The employer shall inform all
employees concerning the availability of
self-help smoking cessation program
material. Upon employee request, the
employer shall distribute such material,
consisting of NIH Publication No, 89—
1647, or equivalent self-help material,
which is approved or published by a
public health organization listed in
Appendix J.

(1) Housekeeping—(1) Vacuuming.

. Where vacuuming methods are selected,

HEPA filtered vacuuming equipment
must be used. The equipment shall be
used and emptied in a manner that
minimizes the reentry of asbestos into
the workplace.

(2) Waste disposal. Asbestos waste,
scrap, debris, bags, containers,
equipment, and contaminated clothing
consigned for disposal shall be collected
and disposed of in sealed, labeled,

. impermeable bags or other closed,

labeled, impermeable containers.

(3) Care of asbestos-containing .
flooring/deck material. (i} Al vinyl and
asphalt flooring/deck material shall be

. maintained in accordance with this

paragraph unless the building/facility
owner demonstrates, pursuant to
paragraph (g) that the flooring/deck does
not contain asbestos

(i) Sanding of ﬂoonng/deck material
is prohibited.

(ii) Stripping of finishes shall be
conducted using low abrasion pads at
speed lower than 300 rpm and wet
methods.

(iii) Burnishing or dry bufﬁng may be
performed only on flooring/deck which
has sufficient finish so that the pad
cannot contact the flooring/deck
material.

(4) Dust and debris in an area
containing accessible thermal system
insulation or surfacing material or -
visibly deteriorated ACM. (i) shall not
be dusted or swept dry, or vacuumed
without using a HEPA filter;
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(ii) shall be promptly cleaned up and
-disposed in leak tight containers.

(m) Medical surveillance—(1)
General—(i) Employees covered. The
employer shall institute a medical |
surveillance program for all employees
who for a combined total of 30 or more
days per year are engaged in Class L, II,
and HI work or are exposed at or above
the permissible exposure limit or '
excursion limit, and for employees who
wear negative pressure respirators
pursuant to the requrrements of this
section.

(ii) Examination by a phystcran (A)
The employer shall ensure that all
medical examinations and procedures
are performed by or under the
supervision of a licensed physician, and

are provided at no cost to the employee

and at a reasonable time and place.

(B) Persons other than such licensed
physicians who administer the
pulmonary function testing required by
this section shall complete a training
course in spirometry sponsored by ‘an
appropriate academic or professional
institution.

(2) Medical examinations and
consultations—(i) Frequency. The
employer shall make available medical
examinations and consultations to each’
employee covered under paragraph

*(m)(1)(i) of this section on the following
schedules: :

(A) Prior to assignment of the
employee to an area where negative-
pressure respirators are worn; .

(B) When the employee is assrgned to
an area where exposure to asbestos may
be at or above the permissible exposure
for 30 or more days per year, a medical
examination must be given within 10
working days following the thirtieth day
of exposure;

(C) And at least annually thereafter.
(D) i the examining physician '
determines that any of the examinations

should be provided more frequently
than specified, the employer shall
provide such examinations to affected
employees at the frequencies specified

" . by the physician.

(E) Exceptron No medical
examirnation is required of any
. employee if adequate records show that
the employee has been examined in
accordance with this paragraph within
the past 1-year period.

(i1) Content. Medical examinations
made available pursuant to paragraphs
(m)(2)(i) (A) through (m)(2)(i) (C) of this
section shall include:

(A) A medical and work history with
special emphasis directed to the -
pulmonary, cardiovascular, and.
gastrointestinal systems.

(B) On initial examination, the
" standardized questionnaire contained in

- Part 1 of Appendix D to this section
-..and, on annual examination, the

abbreviated standardized questionnaire
contained in Part 2 of Appendix D to

" this section.

(C) A physical examination directed
to the pulmonary and gastrointestinal
systems, including a-chest ,x-ray to be

~administered at the discretion of the
- physician, and pulmonary function tests

of forced vital capacity (FVC) and forced

- expiratory volume at one second

(FEV(1)). Interpretation and
classification of chest roentgenogram

- shall be conducted in accordance with
- Appendix E to this section.

(D) Any other examinations or tests
deemed necessary by the examining
physician.

(3) Information provided to the
physician. The employer shall provide
the following information to the
examining physician:

(i) A copy of this standard and
Appendices D, E, G, and I to this
section;

(ii) A description of the affected
employee’s duties as they relate to the
employee’s exposure;

(iii) The employee’s representative -
exposure level or anticipated exposure
level;

(iv) A description of any personal

. protective and respiratory equipment

used or to be used; and

(v) Information from previous medical
examinations of the affected employee
that is not otherwise available to the
exanining physician.

(4) Physician’s written opinion. (i)
The employer shall obtain a written
opinion from the examining physician.
This written opinion shall contain the
results of the medical examination and
shall include:

(A) The physician’s opinion as to
whether the employee has any detected

medical conditions that would place the -

employee at an increased risk of .
material health impairment from
exposure to asbestos;

(B) Any recommended limitations on
the employee or on the use of personal
protective equipment such as
respirators; and

(C) A statement that the employee has
been informed by the physician of the
results of the medical examination and
of any medical conditions that may
result from asbestos exposure.

(D) A statement that the employee has
been informed by the physician of the

"increased risk of lung cancer

attributable to the combined effect of
smoking and asbestos exposure.

(ii) The employer shall instruct the
physician not to reveal in the written
opinion given to the employer specific

findings or diagnoses unrelated to
occupational exposure to asbestos.

(iii gThe employer shall provide a
copy of the physician’s written opinion "
to the affected employee within 30 days
from its receipt.

(n) Recordkeepmg—(l) Objective data

relied on pursuant to paragraph (f) of

this section. (i) Where the employer has
relied on objective data that

.demonstrate that products made from or-

containing asbestos are not capable of -
releasing fibers of asbestos in
concentrations at or above the -
permissible exposure limit and/or
excursion limit under the expected
conditions of processing, use, or
handling to satisfy the requirements of
paragraph (f) of this section, the
employer shall establish and maintain
an accurate record of objective data
reasonably relied upon in support of the
exemption.

(ii) The record shall include at least
the following information:

(A) The product qualifying for
exemption;

(B)Pl“he source of the ob]ectxve data;

(C) The testing protocol, results of - -
testing, and/or analysis of the materml

.for the release of asbestos; -

(D) A description of the operation
exempted and how the data support the

~ exemption; and

(E) Other data relevant to the
operations, materials, processing, or
employee exposures covered by the
exemption.

(iii) The employer shall maintain this
record for the duration of the employer’s
reliance upon such objective data.

(2) Exposure measurements. (i) The
employer shall keep an accurate record
of all measurements taken to monitor -
employee exposure to asbestos as
prescribed in paragraph (f) of this
section. Note: The employer may utilize
the services of qualified organizations
such as industry trade associations and
employee associations to maintain the
records required by this section.

(ii) This record shall include at least
the following information:

(A) The date of measurement;

(B) The operation involving exposure
to asbestos that is being monitored;

(C) Sampling and analytical methods

.used and evidence of their accuracy;

(D) Number, duration, and results of
samples taken; |
S)Type of protective devrces worn,

if an

;,Name social security number, and
exposure of the employees whose
exposures are represented. .

Eu) The employer shall maintain thrs
record for at least thirty (30) years, in
accordance with 29 CFR1910.20.

(3) Medical surveillance. (i) The
employer shall establish and maintain
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an accurate record for each employee
subject to medical surveillance by
paragraph (m) of this section, in
accordance with 29 CFR 1910.20.

(ii) The record shall include at least
the following information:

(A) The name and social security
number of the employee;

(B} A copy of the employee’s medical
examination results, including the
medical history, questionnaire
responses, results of any tests, and
physician’s recommendations.

(C) Physician’s written opinions;

(D) Any employee medical complaints
related to exposure to asbestos; and

(E) A copy of the information
provided to the physician as required by
paragra h (m) of this section.

(iii) The employer shall ensure that
this record is maintained for the
duration of employment plus thirty (30)
years, in accordance with 29 CFR
1910.20.

(4) Training records. The employer
shall maintain all employee training
records for one 1 year beyond the last
date of employment by that employer.

(5) Data to Rebut PACM:

(i) Where the building owner and
employer have relied on data to
demonstrate that PACM is not asbestos-
containing, such data shall be
maintained for as long as they are relied
upon to rebut the presumption.

(ii) [Reserved)

(6) Records of Required Notification.

(i) Where the building/vessel owner
has communicated and received
information concerning the identity,
location and quantity of ACM and
PACM, written records of such .
notifications and their content shall be
maintained by the owner for the
duration of ownership and shall be -
transferred to successive owners of such
buildings/facilities/vessels.

(ii) [Reserved]

(7) Availability. (i) The employer,
upon written request, shall make all
records required to be maintained by
this section available to the Assistant
Secretary and the Director for
examination and copying.

(ii) The employer, upon request, shall
make any exposure records required by
paragraphs (f) and (n) of this section
available for examination and copying
to affected employees, former
employees, designated representatives,
and the Assistant Secretary, in
accordance with 29 CFR 1910.20(a)
through (e) and (g) through (i).

(iii) The employer, upon request, shall
make employee medical records
required by paragraphs (m) and (n) of
this section available for examination
and copying to the subject employee,
anyone having the specific written

consent of the subject employee, and the
Assistant Secretary, in accordance with
29 CFR 1910.20.

(8) Transfer of records. (i) The
employer shall comp]y with the
requirements concerning transfer of
records set forth in 29 CFR 1910.20 (h).

(ii) Whenever the employer ceases to
do business and there is no successor
employer to receive and retain the -
records for the prescribed period, the
employer shall notify the Director at
least 90 days prior to disposal and, upon
request, transmit them to the Director.

?o) Qualified person. (1) General. On
all shipyard worksites covered by this
standard, the employer shall designate a
qualified person, having the
quallﬁcatlons and authorities for
ensuring worker safety and health
required by Subpart C, General Safety
and Health Provisions for Construction
(29 CFR 1926.20 through 1926.32).

(2) Required Inspections by the
Qualified Person. §1926.20(b)(2) which
requires health and safety prevention
programs to provide for frequent and
regular jnspections of the job sites,
materials, and equipment to be made by
qualified persons, is incorporated.

(3) Additional Inspections. In
addition, the qualified person shall
make frequent and regular inspections
of the job sites, in order to perform the
duties set out in paragraph (p)(3)(i) and
(ii) of this section. For Class I jobs, on-
site inspections shall be made at least
once during each work shift, and at any
time at employee request. For Class II
and III jobs, on-site inspections shall be
made at intervals sufficient to assess
whether conditions have changed, and
at any reasonable time at employee
request.

i) On all worksites where employees
are engaged in Class I or II asbestos
work, the qualified person designated in
accordance with paragraph (g)(1) of this
section shall perform or supervise the
following duties, as applicable:

(A) Set up the reguElted area,
enclosure, or other containment;

(B) Ensure (by on-site inspection) the
integrity of the enclosure or
containment;

(C) Set up procedures to control entry
to and exit from the enclosure and/or
area;

(D) Supervise all employee exposure
monitoring required by this section and
ensure that it is conducted as required
by paragraph (f} of this section;

(E) Ensure that employees working

within the enclosure and/or using glove”

bags wear protective clothing and
respirators as required by paragraphs (h)
and (i) of this section;

(F) Ensure through on-site
supervision, that employees set up and

remove engineering controls, use work
practices and personal protective
equipment in compliance with all
requirements;

? G) Ensure that emp]oyees use the
hygiene facilities and observe the
decontamination procedures specified
in aragraph ) of this section;

F H) Ensure at though on-site
inspection engineering controls are
functioning properly and employees are
using proper work practices; and

(I) Ensure that notification
requirements in paragraph (f)(6) of this
section are met.

(4) Training for the competent person;

(i) For Class I and II asbestos work the
qualified person shall be trained in all
aspects of asbestos removal and
handling, including: abatement,
installation, removal and handling; the
contents of this standard; the -
identification of asbestos; removal
procedures, where appropriate; and
other practices for reducing the hazard.
Such training shall be obtained in a
comprehensive course for supervisors,
such as a course conducted by an EPA -
or state-approved training provider,
certified by the EPA or a state, or an
course equivalent in stringency, content,
and length. )

(ii) For Class III asbestos work
operations, the qualified person shall be
trained in aspects of asbestos handling
appropriate for the nature of the work,
to include procedures for setting up
glove bags and mini-enclosures,
practices for reducing asbestos
exposures, use of wet methods, the
contents of this standard, and the
identification of asbestos. Such training
shall be obtained in a comprehensive
course for supervisors, such as a course
conducted by an EPA or state-approved
training provider, certified by the EPA
or a state, or an equivalent in stringency,
content, and length.

(p) Appendices. (1) Appendices A, C,
D, and E to this section are incorporated
as part of this section and the contents
of these appendices are mandatory.

(2) Appendices B, F, H, 1, ], and K to
this section are informational and are
not intended to create any additional
obligations not otherwise imposed or to

" detract from any existing obligations.

(q) Dates.

(1) This standard shall become
effective October 11, 1994.

(2) The provisions of 29 CFR 1926.58
and 29 CFR 1910,1001 remain in effect
until the start-up dates of the equivalent
provisions of this standard.

(3) Start-up dates: All obligations of
this standard commence on the effective
date except as follows:

(i) Methods of compliance. The
engineering and work practice controls
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required by paragraph (g) of this section
shall be implemented as soon as
possible but no later than April 10;
1995.

-{ii) Respiratory protection.
Respiratory protection required by
paragraph (h) of this section shall be
provided as soon as possible but no later
than February 8, 1995.

(iti) Hygiene fac:lmes and practices
for employees. Hygiene facilities and
practices required by paragraph (j} of
this section shall be provided as soon as
possible but no later than February 8.

1 1995.

(iv) Communication of hazards.
Identification, notification, labeling and
sign posting, and training required by
paragraph (k) of this section shall be
provided as soon as possible, but no
later than April 10, 1995.

{v) Housekeeping. Housekeeping
practices and controls required by
paragraph (1} of this section shall be
provided as soon as possible, but no
later than January 9, 1995.

{vi) Medical surveillance required by
paragraph (m) of this section shall be
provided as soon as possible, but no
later than January 9, 1995.

(vii) The deSIgnatlon and training of
competent persons required by '
paragraph (o) of this section shall
completed as soon as possible but no
later than April 10, 1995.

(Approved by the Office of Management and
Budget under control number 1218-0195)

. Appendix A to § 1915.1001. OSHA
Reference Method.—Mandatory

This mandatory appendix specifies the
procedure for analyzing air samples for
asbestos, tremolite, anthophyllite, and
actinolite and specifies quality control
procedures that must be implemented by
laboratories performing the analysis. The
sampling and analytical methods described
below represent the elements of the available
monitoring methods (such as appendix B to.
this section, the most current version of the
OSHA method ID-60, or the most current
version of the NIOSH 7400 inethod} which
OSHA considers tq be essential to achieve
adequate employee exposure monitoring
while allowing employers to use methods
that are already established within their
organizations. All employers who are
required to conduct air monitoring under
paragraph (f) of this section are required to
utilize analytical laboratories that use this
procedure, or an equivalent method. for
collecting and analyzing samples.

Sampling and Analytical Procedure

1. The sampling medium for air samnples
shall be mixed cellulose ester filter
membranes. These shall be designated by-the
manufacturer as suitable for asbestos.
tremolite, anthophyllite. and actinolite
counting. See below for rejection of blanks.

2. The preferred collection device shall be
the 25-mm diameter cassctte with an open-

faced 50-mm extension cowl. The 37-mm
cassette may be used if necessary but only if
written justification for the need to use the
37-mun filter cassette accompanies the
sample results in the employee’s exposure
monitoring record. Do not reuse or reload
cassettes for asbestos sample collection.

3. An air flow rate between 0.5 liter/min
and 2.5 liters/min shall be selected for the
25-mm cassette. If the 37-mm cassette is
used, an air flow rate between 1 liter/min and
2.5 liters/min shall be selected.

4. Where possible, a sufficient air volume
for each air sample shall be collected to yield
between 100 and 1,300 fibers per square

_millimeter on the membrane filter. If a filter

darkens inr appearance or if loose dust is secn
on the filter, a second sample shall be started.

5. Ship the samples in a rigid container
with sufficient packing material to prevent
distodging the collected fibers. Packing
material that has a high electrostatic charge
on its surface (e.g., expanded polystyrene)
cannot be used because such material can
cause loss of fibers to the sides of the
cassette.

6. Calibrate each perqoml sampling putnp
before and after use with a representative
filter cassette installed between the pump
and the calibration devices.

7. Personal snmples shall be taken in the
“breathing zone” of the employee (i.e.,
attached to or near the collar or lapel near the
worker's face).

8. Fiber counts shall be made by positive
phase contrast using a microscope with an 8
to 10 X eyepiece and a 40 to 45 X objective
for a total magnification of approximately
400 X and a numerical aperture of 0.65 to
0.75. The microscope shall also be fitted with
a green or blue filter.

9. The microscope shall be fitted with a
Walton-Beckett eyepiece graticule calibrated
for a field diameter of 100 micrometers (+/
~ 2 micrometers). )

10. The phase-shift detection limit of the
microscope shall be about 3 degrees

measured using the HSE phase shift test slide

asoutlined below.

a. Place the test slide on the microscope
stage and center it under the phase objective.
b. Bring the blocks of grooved lines into

focus.

Note: The slide consists of seven sets of
grooved lines (ca. 20 grooves to each block)
in descending order of visibility fromn sets 1
to 7, seven being the least visible. The
requirements for asbestos, tremolite,
anthophyllite, and actinelite counting are
that the microscope optics must resolve the
grooved lines in set 3 completely, although
they may appear somewhat faint. and that the
grooved lines in sets 6 and 7 must be
invisible. Sets 4 and 5 must be at least
partially visible but may vary slightly in
visibility between microscopes. A
microscope that fails to meet these
requirements has either too low or too high
a resolution to be used for asbestos, tremolite,
anthophyllite, and actinolite counting.

c. If the image deteriorates, clean and
adjust the microscope optics. If the problem
persists, consult the microscope
manufacturer.

11. Each set of samples taken will include
10 percent blanks or a minimum of 2 blanks.

These blanks must come from the same lot
as the filters used for sample collection. The
field blank results shall be averaged and
subtracted from the analytical results before
reporting. Any samples represented by a
blank having a fiber count in excess of the
detection limit of the method being used
shall be rejected.

12. The samples shall be mounted by the
acetone/triacetin method or a method with
an equivalent index of refraction and similar
clarity.

13. Observe the following counting rules.

a. Count only fibers equal to or longer than
5 micrometers. Measure the length of curved
fibers along the curve.

b. Count all particles as qsbestoe tremolite,
anthophyllite, and actinolite that have a
length-to-width ratjo (aspect ratio) of 3:1 or
greater.

c. Fibers lymg, entirely within the
boundary of the Walton-Beckett graticule
field shall receive a courit of 1. Fibers
crossing the boundary once, having one end
within the circle, shall receive the count of
one half (z). Do not count any fiber that
crosses the graticule boundary more than
once. Reject and do not count any other
fibers even though they may be visible
outside the graticule area.

d. Count bundles of fibers as one fiber
unless individual fibers can be identified by
observing both ends of an individual fiber.

e. Count enough graticule fields to yield

100 fibers. Count a minimum of 20 fields;

stop counting at 100 fields regardless of fiber
count.

14. Blind recounts shall be conducted at
the rate of 10 percent.

Quality Control Procedures

1. Intra-laboratory prograin. Each
laboratory and/or each company with more
than one microscopist counting slides shall
establish a statistically designed quality
assurance program involving blind recounts
and comparisons between microscopists to
monitor the variability of counting by each
microscopist and between microscopists. In a
company with more than one laboratory, the
program shall include all laboratories and
shall also evaluate the laboratory-to-
laboratory variability. ’

2. a. Interlaboratory program. Each
laboratory analyzing asbestos, tremolite,
anthophyllite. and actinolite samples for
comnpliance determination shall implement
an interlaboratory quality assurance program
that as a minimum includes participation of
at least two other independent laboratories.
Each laboratory shall participate in round
robin testing at least once every 6 months
with at least all the other laboratories in its
interlaboratory quality assurance group. Each
laboratory shall submit slides typical of its
own work load for use in this program. The
round robin shall be designed and results
analyzed using appropriate statistical
methodology.

b. All laboratories should participate in a
national sample testing scheme such as the
Proficiency Analytical Testing Prograin
(PAT), the Asbestos Registry sponsored by
the American Industrial Hygiene Aseocmnon
(AIHA).

3. All individuals performing asbestos.
tremolite, anthophyllite. and actinolite
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analysis must have taken the NIOSH course
for sampling and evaluating airborne
asbestos, tremolite, anthophyllite, and
actinolite dust or an equivalent course.

4. When the use of different microscopes
contributes to differences between counters

and laboratories, the effect of the different
microscope shall be evaluated and the
microscope shall be replaced, as necessary.
5. Current results of these quality
assurance programs shall be posted in each

laboratory to keep the microscopists
informed.

Appendix B to § 1915.1001—Detailed
Procedures for Asbestos Sampling
and Analysis {(Non-mandatory)

Air
Matrix: .
'OSHA Permissible Exposure Limits:
Time Weighted AVEIEJE ........ciieieiiiiiiiicirstnessste st se et s ss et sss e s st asesas s sas sssasssasasessronn 0.1 fiber/cc .
Excursion Level (30 MINUEES) ..o strecenrceteenet st seene s s erssbess st b sann s enmnae

Collection Procedure:

. 1.0 fiberfcc

A known volume of air is drawn through a 25-mm diameter cassette containing a mixed-cellulose ester filtter. The cassette must be equipped with
an electrically conductive 50-mm extension cowl. The samplmg time and rate are chosen to give a fiber dens:ty of between 100 to 1,300 fi-

bers/mm2 on the filter.
Recommended Sampling Rate

Recommended Air Volumes
Minimum
Maximum

0.5 to 5.0 liters/
minute (L/min)

251

2400L

Analytical Procedure: A portion of the
sample filter is cleared and prepared for
asbestos fiber counting by Phase Contrast
Microscopy (PCM) at 400X.

Commercial manufacturers and products
mentioned in this method are for descriptive
use only and do not constitute endorsements
by USDOL-OSHA. Similar products from
other sources can be substituted.

1. Introduction

This method describes the collection of
airborne asbestos fibers using calibrated
sampling pumps with mixed-cellulose ester
{MCE) filters and analysis by phase contrast
microscopy (PCM). Some terms used are

unique to this method and are defined below: .

Asbestos: A term for naturally occurring
fibrous minerals. Asbestos includes
chrysotile, crocidolite, amosite
(cummingtonite-grunerite asbestos), tremolite
asbestos, actinolite asbestos, anthophyilite
asbestos, and any of these minerals that have
been chemically treated and/or altered. The
precise chemical formulation of each species
will vary with the location from which it was
mined. Nominal compositions are listed:

Chrysotile ..... Mg3Si205(OH)s

Crocidolite .... NajFe32~Fe?*Sig02:(0OH)2

Amosite ........ (Mg Fe);Sis02,(0H):

Tremolite-ac-  Caz(Mg,Fe);Six0::(OH);
tinolite.

Anthophyllite  (Mg,Fe);SisO22(0OH).

Asbestos Fiber: A fiber of asbestos which
meets the criteria specified below for a fiber.
Aspect Ratio: The ratio of the length of a
fiber to it's diameter (e.g. 3:1, 5:1 aspect

ratios).

Cleavage Fragments Mineral particles
formed by comminution of minerals,
especially those characterized by parallel
sides and a moderate aspect ratio (usually
less than 20:1).

Detection Limit: The number of fibers
necessary to be 95% certain that the result is
greater than zero.

Differential Counting: The term applied to
the practice of excluding certain kinds of
fibers froin the fiber count because they do
not appear to be asbestos.

Fiber: A particle that is 5 um or longer,
with a length-to-width ratio of 3 to 1 or
longer.

Field: The area within the graticule circle
that is superimposed on the microscope
image. :

Set: The samples which are taken,
submitted to the laboratory, analyzed, and for
which, interim or final result reports are
generated. ]

Tremolite, Anthophyllite, and Actinolite:
The non-asbestos form of these minerals
which meet the definition of a fiber. It
includes any of these minerals that have been
chemically treated and/or altered.

Walton-Beckett Graticule: An eyepiece
graticule specifically designed for asbestos
fiber counting. It consists of a circle with a
projected diameter of 100 * 2 um (area of
about 0.00785 mm?) with a crosshair having
tic-marks at 3-pm intervals in one direction
and 5-um in the orthogonal direction. There
are marks around the periphery of the circle
to demonstrate the proper sizes and shapes
of fibers. This design is reproduced in Figure
2. The disk is placed in one of the
microscope eyepieces so that the design is
superimposed on the field of view.

1.1. History

Early surveys to determine asbestos
exposures were conducted using impinger,
counts of total dust with the counts
expressed as million particles per cubic foot.
The British Asbestos Research Council
recommended filter membrane counting in
1969. In July 1969, the Bureau of
Occupational Safety and Health published a
filter membrane method for counting
asbestos fibers in the United States. This
method was refined by NIOSH and published
as P & CAM 239. On May 29, 1971, OSHA
specified filter membrane sampling with
phase contrast counting for evaluation of
asbestos exposures at work sites in the
United States. The use of this technique was
again required by OSHA in 1986. Phase
contrast microscopy has continued to be the
method of choice for the measurement of
occupational exposure to ashestos.

1.2. Principle

Air is drawn through a MCE filter to
capture airborne asbestos fibers. A wedge
shaped portion of the filter is removed,
placed on a glass microscope slide and made
transparent. A measured area (field) is
viewed by PCM. All the fibers meeting a
defined criteria for asbestos are counted and
considered a measure of the airborne asbestos
concentration.

1.3. Advantages and Disadvantages

There are four main advantages of PCM
over other methods:

(1) The technique is specific for fibers.
Phase contrast is a fiber counting technique
which excludes non-fibrous particles from
the analysis.

(2) The technique is inexpensive and does
not require specialized knowledge to carry
out the analysis for total fiber counts.

{3) The analysis is quick and can be
performed on-site for rapid determination of
air concentrations of asbestos fibers.

(4) The technique has continuity with
historical epidemiological studies so that
estimates of expected disease can be inferred
from long-term determinations of asbestos
exposures.

The main dxsadvantage of PCM is that it
does not positively identify asbestos fibers.
Other fibers which are not asbestos may be
included in the count unless differential
counting is performed. This requires a great
deal of experience to adequately differentiate
asbestos from non-asbestos fibers. Positive
identification of asbestos must be performed
by polarized light or electron microscopy
techniques. A further disadvantage of PCM is
that the smallest visible fibers are about 0.2
um in diamneter while the finest asbestos
fibers may be as small as 0.02 pm in
diameter. For some exposures, substantially
more fibers may be present than are actually
counted.

1.4. Workplace Exposure

Asbestos is used by the construction
industry in such products as shingles, floor
tiles, asbestos cement, roofing felts,

" insulation and acoustical products. Non-

construction uses include brakes, clutch
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facings, paper, paints, plastics, and fabrics.
One of the most significant exposures in the
workplace is the removal and encapsulation
of asbestos in schools, public buildings, and
homes. Many workers have the potential to
be exposed to asbestos during these
operations.

About 95% of the asbestos in commercial
use in the United States is chrysotile.
Crocidolite and amosite make up most of the
remainder. Anthophyllite and tremolite or
actinolite are likely to be encountered as’
contaminants in various industrial products.

1.5. Physical Properties

Asbestos fiber possesses a high tensile
strength along its axis, is chemically inert,
non-combustible, and heat resistant. It has a
high electrical resistance and good sound
absorbing properties. It can be weaved into
cables, fabrics or other textiles, and also
matted into asbestos papers, felts, or mats.

2. Range and Detection Limit

2.1. The ideal counting range on the filter
is 100 to 1,300 fibers/mm2. With a Walton-
Beckett graticule this range is equivalent to
0.8 to 10 fibers/field. Using NIOSH counting
statistics, a count of 0.8 fibers/field would
give an approximate coefficient of variation
{CV) of 0.13.

2.2. The detection lmut for this method is
4.0 fibers per 100 fields or 5.5 fibers/mm?2.
This was determined using an equation to
estimate the maximum CV possible at a
specific concentration (95% confidence) and
a Lower Control Limit of zero. The CV value
was then used to determine a corresponding
concentration from historical CV vs fiber

. relationships. As an example:

Lower Control Limit (95% Confidence) =
AC—1.645(CV)(AC)
Where:

AC = Estimate of the airborne fiber
concentration (fibers/cc) Setting the
Lower Control Limit = 0 and solvmg for
Cv:

0 = AC—1.645(CV)(AC)

CV =0.61

This value was compared with CV vs.
count curves. The count at which CV = 0.61
for Leidel-Busch counting statistics (8.9.) or
for an OSHA Salt Lake Technical Center
(OSHA-SLTC) CV curve (see Appendix A for
further information) was 4.4 fibers or 3.9
fibers per 100 fields, respectively. Although
a lower detection limit of 4 fibers per 100
fields is supported by the OSHA-SLTC data,
both data sets support the 4.5 fibers per 100
fields value.

3. Method Performance—Precision and
Accuracy

Precision is dependent upon the total
number of fibers counted and the uniformity
of the fiber distribution on the filter. A
general rule is to count at least 20 and not
more than 100 fields. The count is
discontinued when 100 fibers are counted,
provided that 20 fields have already been
counted. Counting more than 100 fibers”
results in only a small gain in precision. As
the total count drops below 10 fibers, an
accelerated loss of precision is noted. -

At this time, there is no known method to -

determine the absolute accuracy of the

* Fiber glass

asbestos analysis. Results of samples
prepared through the Proficiency Analytical
Testing (PAT) Program and analyzed by the
OSHA-SLTC showed no significant bias
when compared to PAT reference values. The
PAT samples were analyzed from 1987.to
1989 (N=36) and the concentration range was
from 120 to 1,300 fibers/mm?.

--4. Interferences

Fibrous substances, if present, may
interfere with asbestos analysis.
Some common fibers are:

Perlite veins.
Some synthetic fi-

Anhydrite plant fi-

bers gypsum. bers.
Membrane structures Sponge spicules and
diatoms.
Microorganisms ....... Wollastonite.

- The use of electron microscopy or optical
tests such as polarized light, and dispersion
staining may be used to differentiate these
materials from asbestos when necessary.

5. Sampling - ~
5.1, Equipment

5.1.1. Sample assembly (The assembly is
shown in Figure 3). Conductive filter holder
consisting of a 25-mm diameter, 3-piece
cassette having a 50-mm long electrically
conductive extension cowl. Backup pad, 25-
mm, cellulose. Membrane filter, mixed-
cellulose ester (MCE), 25-mm, plain, white,
0.8- to 1.2-um pore size.

Notes: (a) DO NOT RE-USE CASSETTES.
(b) Fully conductive cassettes are required
to reduce fiber loss to the sides of the cassette

due to electrostatic attraction.

(c) Purchase filters which have been
selected by the manufacturer for asbestos
counting or analyze representative filters for
fiber background before use. Discard the filter
lot if more than 4 fibers/100 fields are found.

(d) To decrease the possibility of
contamination, the sampling system (filter-
backup pad-cassette) for asbestos is usually
preassembled by the manufacturer.

5.1.2. Gel bands for sealing cassettes.

5.1.3. Sampling pump.

Each pump must be a battery operated,
self-contained unit small enough to be placed
on the monitored employee and not interfere
with the work being performed. The pump
must be capable of sampling at 2.5 liters per
minute (L/min) for the required sampling
time.

5.1.4. Flexible tubing, 6-mm bore.

5.1.5. Pump calibration.

Stopwatch and bubble tube/burette or
electronic meter.

5.2. Sampling Procedure

5.2:1. Seal the point where the base and
cowl of each cassette neet (see Figure 3) with
a gel band or tape.

5.2.2. Charge the pumps completely before
beginning.

5.2.3. Connect each pump to a calibration
cassette with an appropriate length of 6-mm
bore plastic tubing. Do not use luer
connectors—the type of cassette specified
above has built-in adapters.

5.2.4. Select an appropriate flow rate for -
the situation being monitored. The sampling

" Office environments

flow rate must be between 0.5 and 5.0 L/min
for personal sampling and is commonly set
between 1 and 2 L/min. Always choose a
flow rate that will not produce overloaded
filters.

5.2.5. Calibrate each sampling pump before
and after sampling with a calibration cassette
in-line (Note: This calibration cassette should
be from the same lot of cassettes used for
sampling). Use a primary standard (e.g.
bubble burette) to calibrate each pump. If
possible, calibrate at the sampling site.

Note: If sampling site calibration is not
possible, environmental influences may
affect the flow rate. The extent is dependent
on the type of pump used. Consult with the
pump manufacturer to determine
dependence on environmental influences. If
the pump is affected by temperature and
pressure changes, use the formula in
Appendix B to this section to calculate the
actual flow rate.

5.2.6. Connect each pump to the base of
each sampling cassette with flexible tubing.
Remove the end cap of each cassette and.take
each air sample open face. Assure that each
sample cassette is held open side down in
the employee’s breathing zone during
sampling. The distance from the nose/mouth
of the employee to the cassette should be
about 10 cm. Secure the cassette on the collar
or lapel of the employee using spring clips
or other similar devices.

5.2.7..A suggested minimum air volume
when sampling to determine TWA
compliance is 25 L. For Excursion Limit (30
min sampling time) evaluations, a minimum
air volume of 48 L is recommended.

5.2.8. The most significant problem when
sampling for asbestos is overloading the filter
with non-asbestos dust. Suggested maximum
air sample volumes for specific environments
are:

Air vol.
(L)

100

Environment

Asbestos removal operations (visi-
ble dust).

Asbestos removal operatlons (little
dust).

240

400 to
2,400

Caution: Do not overload the filter with

- dust. High levels of non-fibrous dust particles

may obscure fibers on the filter and lower the
count or make counting impossible. If more
than about 25 to 30% of the field area is
obscured with dust, the result may be biased
low. Smaller air volumes may be necessary
when there is excessive non-asbestos dust in
the air.

While sampling, observe the filter with a
small flashlight. If there is a visible layer of
dust on the filter, stop sampling, remove and
seal the cassette, and replace with a new
sampling assembly. The total dust loading
should not exceed 1 mg.

5.2.9. Blank samples are used to determine
if any contamination has occurred during
sample handling. Prepare two blanks for the
first 1 to 20 samples. For sets containing
greater than 20 samples, prepare blanks as
10% of the samples. Handle blank samples
in the same manner as air samples with one
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exception: Do not draw any air through the
blank samples. Open the blank cassette in the
place where the sample cassettes are
mounted on the employee. Hold it open for
about 30 seconds. Close and seal the cassette
appropriately. Store blanks for shipment with
the sample cassettes.

5.2.10. Immediately after sampling, close
and seal each cassette with the base and
plastic plugs. Do not touch or puncture the
filter membrane as this will invalidate the
analysis.

5.2.11. Attach a seal (OSHA-21 or
equivalent) around each cassette in such a
way as to secure the end cap plug and base
plug. Tape the ends of the seal together since
the seal is not long enough to be wrapped
end-to-end. Also wrap tape around the
cassette at each joint to keep the seal secure.

5.3. Sample Shipment

5.3.1. Send the samples to the laboratory
with paperwork requesting asbestos analysis.
List any known fibrous interferences present
during sampling on the paperwork. Also,
note the workplace operation(s) sampled.

5.3.2. Secure and handle the samples in
such that they will not rattle during shipment
nor be exposed to static electricity. Do not
ship samples in expanded polystyrene
peanuts, vermiculite, paper shreds, or
excelsior. Tape sample cassettes to sheet
bubbles and place in a container that will
cushion the samples without rattling.

5.3.3. To avoid the possibility of sample
contamination, always ship bulk samples in
separate mailing containers.

6. Analysis
6.1. Safety Precautions

6.1.1. Acetone is extremely {lammable and
precautions must be taken not to ignite it.
Avoid using large containers or quantities of
acetone. Transfer the solvent in a ventilated
-laboratory hood. Do not use acetone near any
open flame. For generation of acetone vapor,
use a spark free heat source.

6.1.2. Any asbestos spills should be
cleaned up immediately to prevent dispersal
of fibers. Prudence should be exercised to
avoid contamination of laboratory facilities
or exposure of personnel to asbestos. -
Asbestos spills should be cleaned up with
wet methods and/or a High Efficiency
Particulate-Air (HEPA) filtered vacuum.

Coution: Do not use a vacuum without a
HEPA filter—It will disperse fine asbestos
fibers in the air. .

6.2. Equipment

6.2.1. Phase contrast microscope with
binocular or trinocular head.

6.2.2. Widefield or Huygenian 10X
eyepieces (NOTE: The eyepiece containing
the graticule must be a focusing eyepiece.
Use a 40X phase objective with a numerical
aperture of 0.65 to 0.75).

6.2.3. Kohler illumination (if possible) with
green or blue filter.

. 6.2.4. Walton-Beckett Graticule, type G-22
with 100 + 2 pm projected diameter.

6.2.5. Mechanical stage. A rotating _
mechanical stage is convenient for use with
polarized light.

6.2.6. Phase telescope.

6.2.7. Stagé micrometer with 0.01-mm
subdivisions. ’

6.2.8. Phase-shift test slide, mark 11
(Available from PTR optics Ltd., and also
McCrone). )

6.2.9. Precleaned glass slides, 25 mm X 75
mm. One end can be frosted for convenience
in writing sample numbers, etc., or paste-on
labels can be used.

6.2.10. Cover glass #1Y2.

6.2.11. Scalpel (#10, curved blade).

6.2.12. Fine tipped forceps.

6.2.13. Aluminum block for clearing filter
(see Appendix D and Figure 4).

6.2.14. Automatic adjustable pipette, 100-
to 500-uL.

6.2.15. Micropipette, 5 pL.

6.3. Reagents

6.3.1. Acetone (HPLC grade).
6.3.2. Triacetin (glycerol triacetate).
6.3.3. Lacquer or nail polish.

6.4. Standard Preparation

A way to prepare standard asbestos
samples of known concentration has not been
developed. 1t is possible to prepare replicate
samples of nearly equal concentration. This
has been performed through the PAT
program. These asbestos samples are
distributed by the AIHA to participating
laboratories.

Since only about one-fourth of a 25-mm
sample membrane is required for an asbestos
count, any PAT sample can serve as a
“standard” for replicate counting.

6.5. Sample Mounting

Note: See Safety Precautions in Section 6.1.
before proceeding. The objective is to
produce samples with a smooth {non-grainy)
background in a medium with a refractive
index of approximately 1.46. The technique
below collapses the filter for easier focusing
and produces permanent mounts which are
useful for quality control and interlaboratory
comparison.

An aluminum block or similar device is
required for sample preparation.

6.5.1. Heat the aluminum block to about
70° C. The hot block should not be used on
any surface that can be damaged by either the
heat or from exposure to acetone.

6.5.2. Ensure that the glass.slides and cover
glasses are free of dust and fibers.

6.5.3. Remove the top plug to prevent a
vacuum when the cassette is opened. Clean
the outside of the cassette if necessary. Cut
the seal and/or tape on the cassette with a
razor blade. Very carefully separate the base
from the extension cowl, leaving the filter
and backup pad in the base.

6.5.4. With a rocking motion cut a
triangular wedge from the filter using the
scalpel. This wedge should be one-sixth to
one-fourth of the filter. Grasp the filter wedge

_with the forceps on the perimeter of the filter

which was clamped between the cassette
pieces. DO NOT TOUCH the filter with your
finger. Place the filter on the glass slide
sample side up. Static electricity will usually
keep the filter on the slide until it is cleared.

6.5.5. Place the tip of the micropipette
containing about 200 pL acetone into the
aluminum block. Insert the glass slide into
the receiving slot in the aluminum block.
Inject the acetone into the block with slow,
steady pressure on the plunger while holding
the pipette firmly in place. Wait 3to0 5

seconds for the filter to clear, then remove
the pipette and slide from the aluminum
block.

6.5.6. Immediately (less than 30 seconds)
place 2.5 to 3.5 pL of triacetin on the filter
(Note: Waiting longer than 30 seconds will
result in increased index of refraction and
decreased contrast between the fibers and the
preparation. This may also lead to separation
of the cover slip from the slide). : '

6.5.7. Lower a cover slip gently onto the
filter at a slight angle to reduce the
possibility of forming air bubbles. If more
than 30 seconds have elapsed between
acetone exposure and triacetin application,
glue the edges of the cover slip to the slide
with lacquer or nail polish.

6.5.8. If clearing is slow, warm the slide for
15 min on a hot plate having a surface
temperature of about 50° C to hasten clearing.
The top of the hot block can be used if the
slide is not heated too long.

6.5.9. Counting may proceed immediately
after clearing and mounting are completed.

6.6. Sample Analysis

Completely align the microscope according
to the manufacturer’s instructions. Then,
align the microscope using the following
general alignment routine at the beginning of
every counting session and more often if
necessary.

6.6.1. Alignment

(1) Clean all optical surfaces. Even a small
amount of dirt can significantly degrade the
image.

(2) Rough focus the objective on a sample.

{3) Close down the field iris so that it is
visible in the field of view. Focus the image
of the iris with the cendenser focus. Center
the image of the iris in the field of view.

(4) Install the phase telescope and focus on
the phase rings. Critically center the rings.

" Misalignment of the rings results in

astigmatism which will degrade the image.
(5) Place the phase-shift test slide on the

microscope stage and focus on the lines. The

analyst must see line set 3 and should see at

least parts of 4 and 6 but, not see line set 6

or 6. A microscope/microscopist combination

. which does not pass this test may not be

used.

6.6.2. Counting Fibers

(1) Place the prepared sample slide on the
mechanical stage of the microscope. Position
the center of the wedge under the objective
lens and focus upon the sample.

(2) Start counting from one end of the
wedge and progress along a radial line to the
other end (count in either direction from
perimeter to wedge tip). Select fields
randomly, without looking into the
eyepieces, by slightly advancing the slide in
one direction with the mechanical stage
control.

(3) Continually scan over a range of focal
planes (generally the upper 10 to 15 pm of
the filter surface) with the fine focus control
during each field count. Spend at least 5 to
15 seconds per field. ’

(4) Most samples will contain asbestos
fibers with fiber diameters less than 1 pm.
Look carefully for faint fiber images. The
small diameter fibers will be very hard to see.
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However, they are an important contribution
to the total count.

(5) Count only fibers equal to or longer
than 5 pm. Measure the length of curved
fibers along the curve.

(6) Count fibers which have a length to
width ratio of 3:1 or greater.

(7) Count all the fibers in at least 20 fields.
Continue counting until either 100 fibers are
counted or 100 fields have been viewed;
whichever occurs first. Count all the fibers in
the final field.

(8) Fibers lying entirely within the
boundary of the Walton-Beckett graticule
field shall receive a count of 1. Fibers
crossing the boundary once, having one end
within the circle shall receive a count of ¥2.
Do not count any fiber that crosses the
graticule boundary more than once. Reject
and do not count any other fibers even
though they may be visible outside the
graticule area. If a fiber touches the circle, it .
is considered to cross the line.

(9) Count bundles of fibers as one fiber
unless individual fibers can be clearly
identified and each individual fiber is clearly
not connected to another counted fiber. See
Figure 2 for counting conventions.

{10) Record the number of fibers in each
field in a consistent way such that filter non-
uniformity can be assessed. ]

(11) Regularly check phase ring alignment.

(12) When an agglomerate (mass of
material) covers more than 25% of the field
of view, reject the field and select another.
Do not include it in the number of fields
counted.

(13) Perform a “blind recount” of 1 in
every 10 filter wedges (slides). Re-label the
slides using a person other than the original
counter.

*6.7. Fiber Idenuﬁcanon

As previously mentioned in Section 1.3.,
PCM does not provide positive confirmation
of asbestos fibers. Alternate differential
counting techniques should be used if
discrimination is desirable. Differential
counting may include primary
discrimination based on morphology,
polarized light analysis of fibers, or
modification of PCM data by Scanning
Electron or Transmission Electron
Microscopy.

A great deal of experience is required to
routinely and correctly perform differential
counting. It is discouraged unless it is legally
necessary. Then, only if a fiber is obviously
not asbestos should it be excluded from the
count. Further discussion of this technique
can be found in reference 8.10.

If there is a question whether a fiber is
asbestos or not, follow the rule:

“WHEN IN DOUBT, COUNT.”

6.8. Analytical Recommendanons—Quallty
Control System

6.8.1. All individuals performing asbestos
analysis must have taken the NIOSH course
for sampling and evaluating airborne asbestos
or an equivalent course.

6.8.2. Each laboratory engaged in asbestos
counting shall set up a slide trading
arrangement with at least two other
laboratories in order to compare performance
and eliminate inbreeding of error. The slide
exchange occurs at least semiannually, The
round robin results shall be posted where all
analysts can view individual analyst’s
results.

6.8.3. Each laboratory engaged in asbestos
counting shall participate in the Proficiency
Analytical Testing Program, the Asbestos
Analyst Registry or equivalent.

6.8.4. Each analyst shall select and count
prepared slides from a “slide bank”. These
are quality assurance counts. The slide bank
shall be prepared using uniformly distributed
samples taken from the workload. Fiber
densities should cover the entire range
routinely analyzed by the laboratory. These
slides are counted blind by all counters to
establish an original standard deviation. This
historical distribution is compared with the
quality assurance counts. A counter must
have 95% of all quality control samples
counted within three standard deviations of
the historical mean. This count is then
integrated into a new historical mean and
standard deviation for the slide.

The analyses done by the counters to
establish the slide bank may be used for an -
interim quality control program if the data
are treated in a proper statistical fashion.

7. CALCULATIONS

7.1. Calculate the estimated airborne
asbestos fiber concentration on the filter
sample using the following formula:
where:

AC=Airborne fiber concentration

(R

1000 % FR X T x MFA

FB=Total number of fibers greater than 5 pm
counted

FL=Total number of fields counted on the
filter }

BFB=Total number of fibers greater than 5
pm counted in the blank

BFL=Total number,of fields counted on the
blank

AC=

ECA=Effective collecting area of filter (385
mm? nominal for a 25-mm filter.)
FR=Pump flow rate (L/min)
MFA=Microscope count field area (iInm2).
This Is 0.00785 mm? for a Walton-
Beckett Graticule,
T=Sample collection time (min)
1,000=Conversion of L to cc
Note: The collection area of a filter is
seldom equal to 385 mm?. It is appropriate
for laboratories to routinely monitor the exact
diameter using an inside micrometer. The
collection area is calculated according to the
formula: .

Area=n(d/2)2
7.2. Short-cut Calculation
Since a given analyst always has the same

‘interpupillary distance, the number of fields

per filter for a particular analyst will remain
constant for a given size filter. The field size
for that analyst is constant (i.e. the analyst is
using an assigned microscope and is not
changing the reticle). .

For example, if the exposed area of the
filter is always 385 mm?2 and the sizs of the
field is always 0.00785 mm?, the number of
fields per filter will always be 49,000. In
addition it is necessary to convert liters of air
to cc. These threse constants can then be
combined such that ECA/{1,000 X MFA)=49.
The previous equation simplifies to:

Bk
FRxT

7.3. Recount Calculations

As mentioned in step 13 of Section 6.6.2.,
a “’blind recount” of 10% of the slides is
performed. In all cases, differences will be
observed between the first and second counts
of the same filter wedge. Most of these
differences will be due to chance alone, that
is, due to the random variability (precision)
of the count method. Statistical recount
criteria enables one to decide whether
observed differences can be explained due to
chance alone or are probably due to
systematic differences.between analysts,
microscopes, or other biasing factors.

‘The following recount criterion is for a pair
of counts that estimate AC in fibers/cc: The
criterion is given at the type-I error level.
That is, there is 5% maximum risk that we
will reject a pair of counts for the reason that
one might be biased, when the large observed
difference is really due to chance.

Reject a pair of counts if:

I\/Acz—JKc—,I >2.78x( [AC g )X CVi

Where:

AC1=lower estimated airborne ﬁber
concentration

AC2=higher estimated airborne fiber
concentration

ACavg=average of the two concentration
estimates
CVrs=CV for the average of the two

concentration estimates

If a pair of counts are rejected by this
criterion then, recount the rest of the filters

in the submitted set. Apply the test and reject
any other peirs failing the test. Rejection '
shall include a memo to the industrial’
hygienist stating that the sample failed a
statistical test for homogeneity and the true
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air concentration may be significantly
different than the reported value.

7.4. Reporting Results

Report results to the industrial hygienist as
fibers/cc. Use two significant figures. If
multiple analyses are performed on a sample,
an average of the results is to be reported
unless any of the results can be rejected for
cause.
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Quality Control

The OSHA asbestds regulations require
each laboratory to establish a quality control
program. The following is presented as an
example of how the OSHA-SLTC constructed
its internal CV curve as part of meeting this
requirement. Data for the CV curve shown
below is from 395 samples collected during
OSHA compliance inspections and analyzed
from October 1980 through April 1986.

Each sample was counted by 2 to 5
.different counters independently of one
another. The standard deviation and the CV

statistic was calculated for each sample. This .

data was then plotted on a graph of CV vs.
fibers/mm?2. A least squares regression was
performed using the following equation:
CV=antilog1,olA(log:o(x))2+B(log:o(x))+C]
where:
x=the number of fibers/mm2
Application of least squares gave:
A=0.182205
=—0.973343.
C=0.327499
Using these values, the equation becomes:
=antilogyo {0.182205(logo
(x))2 —0.973343(log) o (x))+0.327499]
Sampling Pump Flow Rate Corrections
This correction is used if a difference
greater than 5% in ambient temperature and/
or pressure is noted between calibration and
sampling sites and the pump does not
compensate for the differences.

Qu =

Where:

=actual flow rate .
Q;.,,-cahbrated flow rate (if a rotameter was

used, the rotameter value)
P.a=uncorrected air pressure at calibration
Pau=uncorrected air pressure at sampling site
Taxr=temperature at sampling site (K}
Tea=temperature at calibration (K)

Walton-Beckett Graticule

When ordering the Graticule for asbestos
counting, specify the exact disc diameter
needed to fit the ocular of the microscope
and the diameter (mm) of the circular

counting area. Instructions for measuring the
dimensions necessary are listed:

(1) Insert any available graticule into the
focusing eyepiece and focus so that the
graticule lines are sharp and clear.

(2) Align the microscope.

(3) Place a stage micrometer on the
microscope object stage and focus the
microscope on the graduated lines.

(4) Measure the magnified grid length, PL
{um), using the stage micrometer.

(5) Remove the graticule from the
microscope and measure its actual grid
length, AL (mm)}. This can be accomplished
by using a mechanical stage fitted with
verniers, or a jeweler’s loupe with a direct
reading scale.

(6) Let D=100 um. Calculate the circle
diameter, d. (mm), for the Walton-Beckett

" graticule and specify the diameter when

making a purchase:
ALxD
PL

Example: If PL=i08 um, AL=2.93 mm and
- D=100 pm, then,

d =

<

2.93x100
¢ 108

(7) Each eyepiece-objective-reticle
combination on the microscope must be
calibrated. Should any of the three be
changed (by zoom adjustment, disassembly,
replacement, etc.), the combination must be
recalibrated. Calibration may change if
interpupillary distance is changed. Measure
the field diameter, D (acceptable range: 10012
pm} with a stage micrometer upon receipt of
the graticule from the manufacturer.
Determine the field area (mm?).

Field Area-n(D/ 2)2
If D=100 pm=0.1 mm, then
Field Area=r(0.1 mm/2)2=0.00785 mm?

The Graticule is available from: Graticules
Ltd., Morley Road, Tonbridge TN9 IRN, Kent,
England (Telephone 011-44-732-359061).
Also available from PTR Optics Ltd.; 145
Newton Street, Waltham, MA 02154
[telephone (617) 891-6000} or McCrone
Accessories and Components, 2506 S.
Michigan Ave., Chicago, IL 60616 {phone
(312)-842-7100). The graticule is custom
made for each microscope.

BILLING CODE 451026

=2.7lmm
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- Figure 1:. Walton-Beckett Graticule with some explanatory fibers.

COUNTS FOR THE FIBERS IN THE FIGURE

Structure No. Count Explanation
TR06 et 1 | Single fibers all contained within the circle.
7 e 2 | Fiber crosses circle once.
8 i 0 | Fiber too short.
9 2 | Two crossing fibers.
T 10 et e 0 { Fiber outside graticule.
11 0 | Fiber crosses graticule twice.
12 /2 | Although split, fiber only crosses once.

Appendix C to § 1915.1001—Qualitative
and Quantitative Fit Testing
Procedures. Mandatory

Qualitative Fit Test Protocols
1. Isoamyl Acetate Protocol

A. Odor threshold screening. 1. Three 1-
liter glass jars with metal lids (e.g. Mason or
Bell jars) are required. :

2. Odor-free water (e.g. distilled or spring
water) at approximately 25 °C shall be used
for the solutions.

3. The isoamyl acetate (IAA) (also known
as isopentyl acetate) stock solution is
prepared by adding 1 cc of pure 1AA to 800
cc of odor free water in a 1-liter jar and
shaking for 30 seconds. This solution shall be
prepared new at least weekly.

4. The screening test shall be conducted in
a room separate from the room used for

actual fit testing. The two rooms shall be well
ventilated but shall not be connected to the
same recirculating ventilation system.

- - 5. The odor test sclution is prepared in a

-second jar by placing 0.4 cc of the stock
solution into 500 cc of odor free water using
a clean dropper or pipette. Shake for 30
seconds and allow to stand for two to three
minutes so that the IAA concentration above
the liquid may reach equilibrium. This
solution may be used for only one day.

6. A test blank is prepared in a third jar by
adding 500 cc of odor free water.

7. The odor test and test blank jars shall
be labelled 1 and 2 for jar identification. If
the labels are put on the lids they can be
periodically peeled, dried off and switched to
maintain the integrity of the test.

8. The following instructions shall be
typed on a card and placed on the table in
front of the two test jars (i.e. 1 and 2): “The

purpose of this test is to determine if you can
smell banana oil at a low concentration. The
two bottles in front of you contain water. One
of these bottles also contains a small amount
of banana oil. Be sure the covers are on tight,
then shake each bottle for two seconds.
Unscrew the lid of each bottle, one at a time,
and sniff at the mouth of the bottle. Indicate
to the test ¢conductor which bottle contains
banana oil.”

9. The mixtures used in the IAA odor
detection test shall be prepared in an area
separate from where the test is performed, in
order to prevent olfactory fatigue in the
subject. ‘

10. If the test subject is unable to correctly
identify the jar containing the odor test
solution, the IAA qualitative fit test may not
be used. . .

11. If the test subject correctly identifies
the jar containing the odor test solution, the
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test subject may proceed to respirator
selection and fit testing.

B. Respirator Selection. 1. The test subject
shall be allowed to pick the most comfortable
respirator from a selection including
respirators of various sizes from different
manufacturers. The selection shall include at
least five sizes of elastomeric half facepieces,
from at least two manufacturers.

2. The selection process shall be conducted
in a room separate from the fit-test chamber
to prevent odor fatigue. Prior to the selection
process, the test subject shall be shown how
to put on a respirator, how it should be
positioned on the face, how to set strap
tension and how to determine a
“comfortable” respirator. A mirror shall be
available to assist the subject in evaluating
the fit and positioning of the respirator. This
instruction may not constitute the subject’s
formal training on respirator use, as it is only
areview.

.3. The test sub]ect should understand that
the employee is being asked to select the
respirator which provides the most
comfortable fit. Each respirator represents a
different size and shape and, if fit properly
and used properly will provide adequate
protection.

4. The test subject holds each facepiece up
to the face and eliminates’those which
obviously do not give a comfortable fit.
Normally, selection will begin with a half-
mask and if a good fit cannot be found, the
subject will be asked to test the full facepiece
respirators. (A small percentage of users will
not be able to wear any half-mask.)

5. The more comfortable facepieces are
noted; the most comfortable mask is donned
and worn at least five minutes to assess
comfort. All donning and adjustments of the
facepiece shall be performed by the test
subject without assistance from the test
conductor or other person. Assistance in
assessing comfort can be given by discussing
the points in #68 below. If the test subject is
not familiar with using a particular
respirator, the test subject shall be directed
to don the mask several times and to adjust
the straps each time to become adept at
setting proper tension on the straps.

6. Assessment of comfort shall include
reviewing the following points with the test
subject and allowing the test subject adequate
time to determine the comfort of the
respirator:

s Positioning of mask on nose.

* Room for eye protection.

* Room to talk.

¢ Positioning mask on face and cheeks.

7. The following criteria shall be used to
help determine the adequacy of the respirator
fit:

¢ Chin properly placed.

¢ Strap tension.

¢ Fit across nose bridge.’

¢ Distance from nose to chin. .

¢ Tendency to slip.

¢ Self-observation in mirror.

8. The test subject shall conduct the
conventional negative and positive-pressure
fit checks (e.g. see ANSI Z88.2—-1980). Before
conducting the negative- or positive-pressure
test the subject shall be told to “seat” the
mask by rapidly moving the head from side-
to-side and up and down, while takmg a few
deep breaths.

9. The test subject is now ready for fit
testing.

10. After passing the fit test, the test subject
shall be questioned again regarding the
comfort of the respirator. If it has become
uncomfortable, another model of respirator
shall be tried.

11. The employee shall be given the
opportunity to select a different facepiece
and be retested if the chosen facepiece
becomes increasingly uncomfortable at any
time.

C. Fit test. 1. The fit test chamber shall be
similar to a clear 55 gal drum liner
suspended inverted over a 2 foot diameter
frame, so that the top of the chamber is about
6 inches above the test subject’s head. The
inside top center of the chamber shall have
a small hook attached.

2. Each respirator used for the fitting and
fit testing shall be equipped with organic
vapor cartridges or offer protection against
organic vapors. The cartridges or masks shall
be changed at least weekly.

3. After selecting, donning, and properly
adjusting a respirator, the test subject shall
wear it to the fit testing room. This room
shall be separate from the room used for odor
threshold screening and respirator selection,
and shall be well ventilated, as by an exhaust
fan or lab hood, to prevent general room
contamination.

4. A copy of the following test exercises
and rainbow passage shall be taped to the
inside of the test chamber:

Test Exercises

i. Breathe normally.

ii. Breathe deeply. Be certain breaths are
deep and regular.

iii. Turn head all the way from one side to
the other. Inhale on each side. Be certain
movement is complete. Do not bump the
respirator against the shoulders.

iv. Nod head up-and-down. Inhale when
head is in the full up position (looking
toward ceiling). Be certain motions are
complete and made about every second. Do
not bump the respirator on the chest.

v. Talking. Talk aloud and slowly for
several minutes. The following paragraph is
called the Rainbow Passage. Reading it will
result in a wide range of facial movements,
and thus be useful to satisfy this requirement.
Alternative passages which serve the same
purpose may also be used.

vi. Jogging in place.

vii. Breathe normally.

Rainbow Passage

When the sunlight strikes raindrops in the
air, they act like a prism and form a rainbow.
The rainbow is a division of white light into
many beautiful colors. These take the shape
of a tong round arch, with its path high
above, and its two ends apparently beyond
the horizon. There is, according to legend, a
boiling pot of gold at one end. People look,
but no one ever finds it. When a man looks
for something beyond reach, his friends say
he is looking for the pot of gold at the end
of the rainbow.

S. Each test subject shall wear the
respirator for at a least 10 minutes before
starting the fit test.

6. Upon entering the test chamber, the test
subject shall be given a 6 inch by 5 inch

piece of paper towel or other porous
absorbent single ply material, folded in half -
and wetted with three-quarters of one cc of
pure IAA. The test subject shall hang the wet
towel on the hook at the top of the chamber.

7. Allow two minutes for the IAA test
concentration to be reached before starting
the fit-test exercises. This would be an
appropriate time to talk with the test subject,
to explain the fit test, the importance of
cooperation, the purpose for the head
exercises, or to demonstrate some of the
exercises. -

8. Each exercise described in #4 above
shall be performed for at least one minute.

9. If at any time during the test, the subject
detects the banana-like odor of 1AA, the test
has failed. The subject shall quickly exit from
the test chamber and leave the test area to
avoid olfactory fatigue.

10. If the test is failed, the subject shall
return to the selection room and remove the
respirator, repeat the odor sensitivity test,
select and put on another respirator, return
to the test chamber, and again begin the
procedure described in the c{4) through c(8)
above. The process continues until a
respirator that fits well has been found.
Should the odor sensitivity test be failed, the
subject shall wait about 5 minutes before
retesting. Odor sensitivity will usually have
returned by this time.

11. If a person cannot pass the fit test
described above wearing a half-mask
respirator from the available selection, full
facepiece models must be used.

12. When a respirator is found that passes
the test, the subject breaks the faceseal and
takes a breath before exiting the chamber.
This is to assure that the reason the test
subject is not smelling the IAA is the good
fit of the respirator facepiece seal and not
olfactory fatigue.

13. When the test subject leaves the
chamber, the subject shall remove the
saturated towel and return it to the person
conducting the test. To keep the area from
becoming contaminated, the used towels
shall be kept in a self-sealing bag so there is
no significant IAA concentration buildup in

-the test chamber during subsequent tests.

14. At least two facepieces shall be selected
for the IAA test protocol. The test subject
shall be given the opportunity to wear them
for one week to choose the one which is more
comfortable to wear.

15. Persons who have successfully passed
this fit test with a half-mask respirator may
be assigned the use of the test respirator in
atmospheres with up to 10 times the PEL of
airborne asbestos. In atmospheres greater
than 10 times, and less than 100 times the
PEL (up to 100 ppm]}, the subject must pass
the IAA test using a full face negative
pressure respirator. (The concentration of the
1AA inside the test chamber must be
increased by ten times for QLFT of the full
facepiece.)

16. The test shall not be conducted if there
is any hair growth between the skin the
facepiece sealing surface.

17. If hair growth or apparel interfere with
a satisfactory fit, then they shall be altered or.
removed so as to eliminate interference and
allow a satisfactory fit. If a satisfactory fit is
still not attained, the test subject must use a
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positive-pressure respirator such as powered

air-purifying respirators, supplied air
respirator, or self-contained breatlnng
apparatus.

18. If a test subject exhibits difficulty in.
breathing during the tests, she or he shall be
referred to a physician trained in respirator
diseases or pulmonary medicine to détermine
whether the test subject can wear a respirator’
while performing her or his duties.

19. Qualitative fit testing shall be repeated
at least every six months.

20. In addition, because the sealing of the
respirator may be affected, qualitative fit
testing shall be repeated 1mmed|ately when
the test subject has a:

(1) Weight change of 20 pounds or more,

(2} Significant facial scarring in the area of .

the facepiece seal,

(3) Significant dental changes; i.e.;
mulnple extractions without prothesis. or
acquiring dentures,

(4) Reconstructive or cosmetic surger) or

(5) Any other condition that may interfere
with facepiece sealing.

D. Recordkeeping. A summary of all fest
results shall be maintained in each office for
3 years. The summary shall include:

(1) Name of test subject.
~ (2) Date of testing.

(3) Name of the test conductor.

(4) Respirators selected (indicate
manufacturer, model, size and approval
number).

(5) Testing agent.

I1. Saccharin Sclution Aerosol Protocol

A. Respirator selection. Respirators shall be
selected as described in section IB (respirator
selection) above, except that each respirator
shall be equipped with a particulate filter.

B. Taste Threshold Screening. .

1. An enclosure about head and shoulders
shall be used for threshold screening (to .
determine if the individual can taste -
saccharin) and for fit testing. The enclosure
shall be approximately 12 inches in diameter
by 14 inches tall with at least the front clear
to allow free movement of the head when a .
respirator is worn.

2. The test enclosure shall have a three-
quarter inch hole in front of the test subject’s
nose and mouth area to accommodate the
nebulizer nozzle.

3. The entire screening and testing
procedure shall be explained to the test
subject prior to conducting the screening test.

4. During the threshold screening test, the
test subject shall don the test enclosure and
breathe with open mouth with tongue
extended.

5. Using a DeVilbiss Model 40 Inhalatlon
Medication Nebulizer or equivalent, the test
conductor shall spray the threshold check
solution into the enclosure. This nebulizer
shall be clearly marked to distinguish it from
the fit test solution nebulizer.

6. The threshold check solution consists of
0.83 grams of sodium'saccharin, USP in
water. It can be prepared by putting 1 cc of
the test solution (see C 7 below) in 100 cc of
water.

7. To produce the aerosol, the nebulizer
bulb is firmly squeezed so that it collapses
completely, then is released and allowed to
fully expand.

8. Ten squeezes of the nebulizer bulb are
repeated rapidly and then the test subject is

asked whether the saccharin can be tasted.

9. If the first response is negative, ten more
squeezes of the nebulizer bulb are repeated
rapidly and the test subject is again asked
whether the saccharin can be tasted.

10. If the second response is negative ten
more squeezes are repeated rapidly and the
test subject is again asked whether the
saccharin can be tasted.

111. The test conductor will take note of the
number of squeezes required to elicit a taste
response.

12. If the saccharin is not tasted after 30

" squeezes (Step 10), the saccharin fit test

cannot be performed on the test subject.

13. If a taste response is elicited, the test
subject shall be asked to take note of the taste
for reference in the fit test.

14. Correct use of the nebulizer means that
approximately 1 cc of liquid is used at a time
in the nebulizer body.

15. The nebulizer shall be thoroughly
rinsed in water, shaken dry, and refilled at
least every four hours.

" C. Fit test. 1. The test subject shall dor’and
adjust the respirator without the assistance
from any person. :

2. The fit test uses the same enclosure
described in 1IB above.

3. Each test subject shall wear the
respirator for a least 10 minutes before
starting the fit test. .

4. The test subject shall-don the enclosure
while wearing the respirator selected in
section IB above. This respirator shall be
properly adjusted and equipped with a
particulate filter.

5. The test subject may not eat, drink
(except plain water), or chew gum for 15
minutes before the test. ,

6. A second DeVilbiss Model 40 Inhalation
Medication Nebulizer is used to spray the fit
test solution into the enclosure. This
nebulizer shall be clearly marked to
distinguish it from the screening test solution
nebulizer.

7. The fit test solution is prepared by
adding 83 grams of sodium saccharin to 100
cc of warm water.

8. As before, the test subject shall breathe
with mouth open and tongue extended.

9. The nebulizer is inserted into the hole
in the front of the enclosure and the fit test

solution is sprayed into the enclosure using .

the saine technique as for the taste threshold
screening and the same number of squeezes
required to elicit a taste response in the
screening. (See B8 through B10 above).

10. After generation of the aerosol read the
following instructions to the test subject. The
test subject shall perform the exercises for
one minute each.

i. Breathe normally.

ii. Breathe deeply. Be certain breaths are ,
deep and regular.

iii. Turn head all the way from one side to
the other. Be certain movement is complete.
Inhale on each side. Do not bump the
‘respirator against the shoulders.

iv. Nod head up-and-down. Be certain
motions are complete. Inhale when head is
in the full up position (when looking toward
the ceiling). Do not to bump the respirator on
the chest.

v. Talking. Talk aloud and slowly for
several minutes. The following paragraph is
called the Rainbow Passage. Reading it will
result in a wide range of facial movements,
and thus be useful to satisfy this requirement.
Alternative passages which serve the same
purpose may also be used.

vi. Jogging in place,

vii. Breathe normally.

Rainbow Passage

When the sunhght strikes mmdrops in the
air, they act like a prism and form a rainbow.
The rainbow is a division of white light into
many beautiful colors. These take the shape
of a long round arch, with its path high
above, and its two ends apparently beyond
the horizon. There is, according to legend, a
boiling pot of gold at one end. People look,
but no one ever finds it. When a man looks
for something beyond his reach, his friends
say he is looking for the pot of gold at the
end of the rainbow. .

11. At the beginning of each exercise, the
aerosol concentration shall be replenished
using one-half the number of squeezes as
initially described in C9.

12. The test subject shall indicate to the
test conductor if at any time during the fit
test the taste of saccharin is detected.

13. If the saccharin is detected the fit is
deemed unsatisfactory and a different
respirator shall be tried.

14. At least two facepieces shall be selected
by the IAA test protocol. The test subject
shall be given the opportunity to wear them
for one week to choose the one which is more
comfortable to wear.

15. Successful completion of the test
protoco] shall allow the use of the half mask
tested respirator in contaminated
atmospheres up to 10 times the PEL.of
asbestos. In other words this protocol may be
used assign protection factors no hlgher than
ten.

16. The test shall not be conducted if there
is any hair growth between the skin and the
facepiece sealing surface.

. 17.If hair growth or apparel interfere with
a satisfactory fit, then they shall be altered or
removed so as to eliminate interference and
allow a satisfactory fit. If a satisfactory fit is.
still not attained, the test subject must use a
positive-pressure respirator such as powered
air-purifying respirators, supplied air
respirator, or self-contained breathing
apparatus.

18. If a test subject exhibits difficulty in
breathing during the tests, she or he shall be
referred to a physician trained in respirator
diseases or pulmonary medicine to determine
whether the test subject can wear a respirator
while perforining her or his duties.

19. Qualitative fit testing shall be repeated
at least every six months.

20. In addition, because the sealing of the
respirator may be affected, qualitative fit
testing shall be repeated immediately when
the test subject has a:

(1) Weight changs of 20 pounds or more,

(2) Significant facial scarring in the area of
the facepiece seal, . .

(3) Significant dental changes, ie.;
multlp]e extractions without prothesis, or
acquiring dentures,

(4) Reconstructive or cos metic surgery or
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(5) Any other condition that may interfere
with facepiece sealing,

D. Recordkeeping. A summary of all test
results shall be maintained in each office for
3 years. The summary shall include:

(1) Name of test subject

(2) Date of testing.

(3) Name of test conductor.

(4) Respirators selected {indicate
manufacturer, model, size and approval
number).

(5) Testing agent.

111. Irritant Fume Protocol

A. Respirator selection. Respirators shall be
selected as described in section IB above,
except that each respirator shall be equipped
with a combination of high-efficiency and
acid-gas cartridges.

B. Fit test..1. The test subject shall be
allowed to smell a weak concentration of the
irritant smoke to familiarize the subject with
the characteristic odor.

2. The test subject shall properly don the
respirator selected as above, and wear it for
at least 10 minutes before starting the fit test.

3. The test conductor shall review this
protocol with the test subject before testing.

4. The test subject shall perform the
conventional positive pressure and negative
pressure fit checks (see ANSI Z88.2 1980).
Failure of either check shall be cause to
select an alternate respirator.

5. Break both ends of a ventilation smoke
tube containing stannic oxychloride, such as
the MSA part #5645, or equivalent. Attach a
short length of tubing to one end of the °
smoke tube. Attach the other end of the
smoke tube to a low pressure air pump set
to deliver 200 milliliters per minute.

6. Advise the test subject that the smoke
can be irritating to the eyes and instruct the
subject to keep the eyes closed while the test
is performed.

7. The test conductor shall direct the
stream of irritant smoke from the tube
towards the faceseal area of the test subject.
The person conducting the test shall begin
with the tube at least 12 inches from the
facepiece and gradually move to within one
inch, moving around the whole perimeter of
the mask.

8. The test subject shall be instructed to do
the following exercises while the respirator is
being challenged by the smoke. Each exercise
shall be performed for one minute.

i. Breathe normally.

ii. Breathe deeply. Be certain breaths are
deep and regular.

iii. Turn head all the way from one side to
the other. Be certain movement is complete.
Inhale on each side. Do not bump the
respirator against the shoulders.

iv. Nod head up-and-down. Be certain
motions are complete and made every
second. Inhale when head is in the full up
position (looking toward ceiling). Do not
bump the respirator against the chest.

v. Talking. Talk aloud and slowly for
several minutes. The following paragraph is
called the Rainbow Passage. Reading it will
result in a wide range of facial movements,
and thus be useful to satisfy this requirement.
Alternative passages which serve the same
purpose may also be used.

Rainbow Passage

When the sunlight strikes raindrops in the
air, they act like a prism and form a rainbow.
The rainbow is a division-of white light into
many beautiful colors. These take the shape
of a long round arch, with its path high
above, and its two end apparently beyond the
horizon. There is, according to legend, a
boiling pot of gold at one end. People look,
but no one ever finds it. When a man looks
for something beyond his reach, his friends
say he is looking for the pot of gold at the
end of the rainbow.

vi. Jogging in Place.

vii. Breathe normally.

9. The test subject shall indicate to the test
conductor if the irritant smoke is detected. If
smoke is detected, the test conductor shall
stop the test. In this case, the tested respirator
is rejected and another respirator shall be
selected.

10. Each test subject passing the smoke test
(i.e. without detecting the smoke) shall be
given a sensitivity check of smoke from the
same tube to determine if the test subject
reacts to the smoke. Failure to evoke a
response shall void the fit test.

11. Steps B4, B9, B10 of this fit test
protocol shall be performed in a location
with exhaust ventilation sufficient to prevent
general contamination of the testing area by
the test agents.

12. At Jeast two facepieces shall be selected
by the IAA test protocol. The test subject
shall be given the opportunity to wear them
for one week to choose the one which is more
comfortable to wear.

13. Respirators successfully tested by the
protocol may be used in contaminated
atmospheres up to ten times the PEL of
asbestos.

14. The test shall not be conducted if there
is any hair growth between the skin and the
facepiece sealing surface.

15. If hair growth or apparel interfere with
a satisfactory fit, then they shall be altered or
removed so as to eliminate interference and
allow a satisfactory fit. If a satisfactory fit is
still not attained, the test subject must use a
positive-pressure respirator such as powered
air-purifying respirators, supplied air
respirator, or self-contained breathing
apparatus. -

16. If a test subject exhibits difficulty in
breathing during the tests, she or he shall be .
referred to a physician trained in respirator
diseases or pulmonary medicine to determine
whether the test subject can wear a respirator
while performing her or his duties.

17. Qualitative fit testing shall be repeated
at least every six months.

18. In addition, because the sealing of the
respirator may be affected, qualitative fit
testing shall be repeated immediately when
the test subject has a:

(1) Weight change of 20 pounds or more,

(2) Significant facial scarring in the area of
the facepiece seal,

(3) Significant dental changes ie,;
multlple extractions without prothesxs. or
acquiring dentures,

(4) Reconstructive or cosmetic surgery, or

(5) Any other condition that may interfere
with facepiece sealing.

D. Recordkeeping. A summary of all test
results shall be maintained in each office for
3 years. The summary shall include:

(1) Name of test subject

(2) Date of testing,.

(3) Name of test conductor.

(4) Respirators selected (indicate
manufacturer, model, size and approval
number).

(5) Testing agent

Quantitative Fit Test Procedures
1. General

a. The method applies to the negative-
pressure non-powered air-purifying
respirators only.

b. The employer shall assign one
individual who shall assume the full
responsibility for implementing the
respirator quantitative fit test program.
2. Definition

a. “Quantitative Fit Test” means the
measurement of the effectiveness of a
respirator seal in excluding the ambient
atmosphere. The test is performed by
dividing the measured concentration of
challenge agent in a test chamber by the
measured concentration of the challenge
agent inside the respirator facepiece when
the normal air purifying element has been
replaced by an essentially perfect purifying
element. .

b. “Challenge Agent’’ means the air
contaminant introduced into a test chamber
so that its concentration inside and outside
the respirator may be compared. )

c. “Test Subject”” means the person
wearing the respirator for quantitative fit
testing. .

d. *Normal Standing Position” means
standing erect and straight with arms down
along the sides and looking straight ahead.

e. “Fit Factor”” means the ratio of challenge
agent concentration outside with respect to
the inside of a respirator inlet covering
(facepiece or enclosure}.

3. Apparatus

a. Instrumentation. Corn oil, sodium
chloride or other appropriate aerosol
generation, dilution, and measurement
systems shall be used for quantitative fit test.

b. Test chamber. The test chamber shall be
large enough to permit all test subjects to
freely perform all required exercises without
distributing the challenge agent
concentration or the measurement apparatus.
The test chamber shall be equipped and
constructed so that the challenge agent is
effectively isolated from the ambient air yet
uniform in concentration throughout the
chamber.

c. When testing air-purifying respirators,
the normal filter or cartridge element shall be
replaced with a high-efficiency particular
filter supplied by the same manufacturer.

d. The sampling instrument shall be
selected so that a strip chart record may be
made of the test showing the rise and fall of
challenge agent concentration with each
inspiration and expiration at fit factors of at
least 2,000.

e. The combination of substitute air-
purifying elements (if any), challenge agent,
and challenge agent concentration in the test
chamber shall be such that the test subject is
not exposed in excess of PEL to the challenge
agent at any time during the testing process.

oM e et il
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f. The sampling port on the test specimen
respirator shall be placed and constructed so-
_ that there is no detectable leak around the
port, a free air flow is allowed into the
sampling line at all times and so there is no
interference with the fit or performance of
the respirator.

g. The test chamber and test set-up shall
permit the person administering the test to
observe one test subject inside the chamber
during the test.

h. The equipment generating the challenge
atmosphere shall maintain the concentration
of challenge agent constant within a 10
percent variation for the duration of the test.

i. The time lag (interval between an event
and its being recorded on the strip chart) of
the instrumentation may not exceed 2
seconds.

j» The tubing for the test chamber
atmosphere and for the respirator sampling
port shall be the same diameter, length and
material. It shall be kept as short as possible.
The smallest diameter tubing recommended
by the manufacturer shall be used.

k. The exhaust flow from the test chamber
shall pass through a high-efficiency filter
before release to the room,

1. When sodium chloride aerosol is used,
the relative humidity inside the test chamber
shall not exceed 50 percent.

4. Procedural Requirements

a. The fitting of half-mask respirators
should be started with those having multiple
sizes and a variety of interchangeable
cartridges and canisters such as the MSA
Comfo II-M, Norton M, Survivair M, A-OM,
or Scott-M. Use either of the tests outlined
below to assure that the facepiece is properly
adjusted.

(1) Positive pressure test. With the exhaust
port(s) blocked, the negative pressure of
slight inhalation should remain constant for
several seconds.

(2) Negative pressure test. With the intake
port(s) blocked, the negative pressure slight
inhalation should remain constant for several
seconds.

b. After a facepiece is adjusted, the test
subject shall wear the facepiece for at least
5 minutes before conducting a qualitative test
by using either of the methods described
below and using the exercise regime
described in 5.a., b., c., d. and e.

(1) Isoamyl acetate test. When using
organic vapor cartridges, the test subject who
can smell the odor should be unable to detect
the odor of isoamyl acetate squirted into the
air near the most vulnerable portions of the
facepiece seal. In a location which is
‘separated from the test area, the test subject
shall be instructed to close her/his eyes
during the test period. A combination
cartridge or canister with organic vapor and
high-efficiency filters shall be used when
available for the particular mask being tested.
The test subject shall be given an opportunity
to smell the odor of isoamyl acetate before
the test is conducted.

(2) Irritant fume test. When using high-
efficiency filters, the test subject should be
unable to detect the odor of irritant fume
(stannic chloride or titanium tetrachloride
ventilation smoke tubes) squirted into the air
near the most vulnerable portions of the
facepiece seal. The test subject shall be

instructed to close her/his eyes during the
test period.

c. The test subject may enter the
quantitative testing chamber only if she or he
has obtained a-satisfactory fit as stated in 4.b.
of this Appendix.

. d. Before the subject enters the test
chamber, a reasonably stable challenge agent
concentration shall be measured i in the test
chamber.

e. Immediately after the subject enters the
test chamber, the challenge agent
concentration inside the respirator shall be
measured to ensure that the peak penetration
does not exceed 5 percent for a half-mask and
1 percent for a full facepiece.

f. A stable challenge agent concentration

* shall be obtained prior to the actual start of

testing.

" 1. Respirator restraining straps may not be
over-tightened for testing. The straps shall be
adjusted by the wearer to give a reasonably
comfortable fit typical of normal use.

5. Exercise Regime. Prior to entering the
test chamber, the test subject shall be given
complete instructions as to her/his part in the
test procedures. The test subject shall
perform the following exercises, in the order
given, for each independent test.

a. Normal Breathing (NB). In the normal
standing position, without talking, the
subject shall breathe normally for at least one
minute.

b. Deep Breathing (DB). In the normal
standing position the subject shall do deep
breathing for at least one minute pausing so
as not to hyperventilate,

c. Turning head side to side (SS). Standing
in place the subject shall slowly turn his/her
head from side between the extreme
positions to each side. The head shall be held
at each extreme position for at least 5
seconds. Perform for at least three complete
cycles.

d. Moving head up and down (UD).
Standing in place, the subject shall slowly
move his/her head up and down between the
extreme position straight up and the extreme
position straight down. The head shall be
held at each extreme position for at least 5
seconds. Perform for at least three complete
cycles.

e. Reading (R). The subject shall read out
slowly and loud so as to be heard clearly by
the test conductor or monitor. The test
subject shall read the “rainbow passage” at
the end of this section.

f. Grimace (G). The test subject shall
grimace, smile, frown, and generally contort
the face using the facial muscles. Contmue
for at least 15 seconds.

g. Bend over and touch toes (B). The test
subject shall bend at the waist and touch toes
and return to upright position. Repeat for at
least 30 seconds.

h. Jogging in place (J). The test subject shall
perform jog in place for at least 30 seconds.

i. Normal Breathing (NB). Same as exercise
a.

Rainbow Paésage

When the sunlight strikes raindrops in the
air, they act like a prism and form a rainbow.
The rainbow is a division of white light into
many beautiful colors. These take the shape
of a long round arch, with its path high

above, and its two ends apparently beyond
the horizon. There is, according to légend, a
boiling pot of gold at one end. People look,
but no one ever finds it. When a man looks
for somethmg beyond reach, his friends say
he is looking for the pot of gold at the end
of the rainbow.

6. The test shall be terminated whenever
any single peak penetration exceeds 5
percent for half-masks and 1 percent for full
facepieces. The test subject may be refitted
and retested. If two the three required tests
are terminated, the fit shall be deemed
inadequate. (See paragraph 4.h.).

7. Calculation of Fit Factors

a. The fit factor determined by the
quantitative fit test equals the average
concentration inside the respirator.

b. The average test chamber concentration
is the arithmetic average of the test chamber
concentration at the beginning and of the end
of the test.

c. The average peak concentration of the
challenge agent inside the respirator shall be
the arithmetic average peak concentrations
for each of the nine exercises of the test
which are computed as the arithmetic
average of the peak concentrations found for
each breath during the exercise.

d. The average peak concentration for an
exercise may be determined graphically if
there'is not a great variation in the peak
concentrations during a single exercise.

8. Interpretation of Test Results.

The fit factor measured by the quantitativé
fit testing shall be the lowest of the three
protection factors resulting from three
independent tests.

9. Other Requirements

a. The test subject shall npt be permitted>
to wear a half-mask or full facepiece mask if

. the minimum fit factor of 100 or 1,000,

respectively, cannot be obtained. If hair
growth or apparel interfere with a satisfactory
fit, then they shall be altered or removed so
as to eliminate interference and allow a
satisfactory fit. If a satisfactory fit is still not
attained, the test subject must use a positive-
pressure respirator such as powered air-
purifying respirators, supplied air respirator,
or self-contained breathing apparatus.

b. The test shall not be conducted if there
is any hair growth between the skin and the
facepiece sealing surface.

c. If a test subject exhibits difficulty in
breathing during the tests, she or he shall be

" referred to a physician trained in respirator’

diseases or pulmonary medicine to determine
whether the test subject can wear a respirator
while performing her or his duties.

d. The test subject shall be given the
opportunity to wear the assigned respirator
for one week. If the respirator does not
provide a satisfactory fit during actual use,
the test subject may request another QNFT
which shall be performed immediately.

e. A respirator fit factor card shall be
issued to the test subject with the following
information:

(1) Name

(2) Date of fit test.

(3) Protection factors obtained through
each manufacturer, model and approval
number of respirator tested.
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(4) Name and signature of the person that
conducted the test.

f. Filters used for qualitative or quantitative
fit testing shall be replaced weekly, whenever -

increased breathing resistance is
encountered, or when the test agent has
altered the integrity of the filter media.

Organic vapor cartridges/canisters shall be
. replaced daily or sooner if there is any

indication of breakthrough by the test agent. - -

10. In addition, because the sealing of the
respirator may be affected, quantitative fit
testing shall be repeated immediately when

" the test subject has a:
(1) Weight change of 20 pounds or more,

(2) Significant facial scarring in the area of

the facepiece seal,

(3) Significant dental changes; i.e.;
multiple extractions without prothesis, or
acquiring dentures,

(4) Reconstructive or cosmetic surgery, or -

(5) Any other condition that may interfere
with facepiece sealing.
11. Recordkeeping

A summary of all test results shall be
maintained in for 3 years. The summary shall
include:

(1) Name of test subject

(2) Date of testing.

(3) Name of the test conductor.

(4) Fit factors obtained from every
respirator tested (indicate manufacturer,
model, size and approval number).

Appendix D to § 1915.1001—Medical
Questionnaires. Mandatory

¢

This mandatory appendix contains the

" medical questionnaires that must be

administered to all employees who are

exposed to asbestos, tremolite, anthophyllite,
actinolite, or a combination of these minerals
above the permissible exposure limit (0.1 f/
cc), and who will therefore be included in
their employer’s medical surveillance
program. Part 1 of the appendix contains the
Initial Medical Questionnaire, which must be
obtained for all new hires who will be
covered by the medical surveillance’
requirements. Part 2 includes the abbreviated
Periodical Medical Questionnaire, which
must be administered to all employees who
are provided periodic medical examinations
under the medical surveillance provisions of
the standard. ' .

BILLING CODE 4510-26-P
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~ Part 1

" INITIAL MEDICAL QUESTIONNAIRE

1. NAME .
2.  SOCIAL SECURITY #

‘3.  CLOCK NUMBER

4. PRESENT OCCUPATION .
5.  PLANT

. 6. ADDRESS

(Zip Code)

8. TELEPHONE NUMBER
9. INTERVIEWER

10. DATE

11, Date of Birth
Month Day Year

12, Place of Birth

. Male

13. Sex
n o . . Female

Single 4.Separated/
Married - Divorced _
Widowed ____

'14. What is your marital status?

WwN - N

. White __' 4. Hispanic __

15. Race

Y

2. Blaé*_.. 5, Indian —

3. Asian ___ 6. Other

16, Whé:‘is.the highest grade' completed in'ééhoél?‘

(For gxample'12;yéa£s'ié completion ofihigh gch@bi)

. . B ' ' . . . T
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17A.. Have you ever worked full time (30 hours 1. Yes _ 2. No__
per week or more) for 6 months or more?
IF YES TO 17A:

B. Have you ever worked for a year or 1. Yes__ 2;No__

more in any dusty job? : 3.Does Not Apply' _.
Specify job/industry ‘Total Years
N " . Worked ___
was dust exposure: 1. Mild __ 2. Moderate
: 3. Severe
C."Have you even been exposed to gas or 1. Yes ___ 2. No __

chemical fumes in your work? _
Specify job/industry 1 . Total Years

' , Worked ___
Was exposure: 1. Mild 2. Moderate‘___

3. Severe

+D. What has been your usual occupation or job—-the-one you
have worked at the longest?

Job occupation

1
2. Number of years employed in this occupation
3

. Position/job title

4. Business, field or industry
(Record on lines the years in which you have worked in any of
these industries, e.g. 1960-1969) - .

Have you ever worked:

YES NO

E. In a mine?.......covuvnnn.. .i‘f ........... R (]
F. In a quarry?..... et esnsecasaseanonsnnannes § W T S
G. In @ fouNdry?. . veeeenrenenennnnnnnns ;.;.. [_;] (]
H. In a‘pottery? ..... e P e e [__j . ()
I. In a cotton, flax or hemp mill?........... L) (|

- J.  With asbestos?..... Ceereeaaas eeaaae e [__]7 N

18.  PAST MEDICAL HISTORY
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A.

1._90

19A.

20A.

home, or in bed?

Do you consider yourself to be in good health? S R S

.If "NO" state reason

If "YES" state nature of defect

. Have you any hearing defect?........ DU 1 [

If "YES" state nature of defect

Are you suffering from or have you ever suffered from:

YES NO
a. Epilepsy (or fits, seizures, convulsions)? S R S

‘b. Rheumatic fever? | ' ' () [
c. Kidney disease? . . [_;ll [__i
d. Bladder disease? ' o L S R A
e. . Diabetes? | » | o :, - [ S N |
f. Jaundice? ' | ' At__i )

If you get a cold, does it ugually go to your chest?
(Usually means more than 1/2 the time)
1. Yes__ 2. No__ 3. Don’t get colds__

During the past 3 years, have you had any chest
illnesses that have kept you off work, indoors at -

1. Yes__ 2. No__

IF YES TO 20A:
Did you produce phlegm with any of these chest ‘illnesses?
1. Yes__ 2. No__ 3. Does Not Apply __

In the last 3 years, how many such illnesses with

- (increased) phlegm did you have which lasted a week or

more? S N
Number of illnesses No such illnesses
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21. Did you have any lung trouble before the age of 16?7
1. Yes__ 2. No__

22. Have you ever had any of the following?

1A. Attacks of bronchitis? 1. Yes_ _ 2. No___
" IF YES TO 1A: o
B. Was it confirmed by a doctor? 1. Yes___ 2. No__

3. Does Not Apply _

C. At what age waé'your first attack? Age in Years __
Does Not Apply _

2A. Pneumonia (include bronchopneumonia)? 1. Yes_ 2. No_

IF YES TO 2A: ,
B. Was it confirmed by a doctor? 1. Yes__ 2. No__

3. Does Not Apply _

C. At what age did you first have it? Age in Years __
Does Not Apply _

3A. Hay Fever? ' ' 1. Yes_ . "2. No___
IF YES TO 3A: '

B. Was it confirmed by a doctor? l. Yes__ 2. No__
o 3. Does Not Apply _

C. At what age did it start? | Age in Years ___
' _ . ‘ Does Not Apply _
23A. Have you ever had chronic bronchitis? 1. Yes__ 2. No__
‘ IF YES TO 23A: : '
B. Do you still have it? 1. Yes __ 2. No__
. 3. Does Not Apply _
C. Was it confirmed by a doctor? 1. Yes_ _ 2. No__ '
' ~ 3. Does Not Apply _
D. At what age did it start? Age in Years __
_ ’ Does Not Apply _
24A. Have you ever had emphysema? 1. Yes__ - 2. No__
IF YES TO 24A: .
B. Do you still have it? , 1. Yes__ 2. No__

3. Does Not Apply _

. C. Was it confirmed by a doctor? l. Yes__ 2. No___
. . 3. Does Not Apply _

D. At what age did it start? _ Age in Years ___
‘ . Does Not Apply _

25A. Have you ever had asthma? _ 1. Yes

___ 2. No__
IF YES TO 25A:
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B. Do you still have it? : 1. Yes__ -~ 2. No___

3. Does Not Apply _

C. Was it confirmed by a doctor? 1. Yes__ 2. No__
‘ " 3. Does Not Apply _

D. At what age did it start? - Age in Years ___
. Does Not Apply _

E. If you no longer have it, at what age did it stop?
. Age stopped __
Does Not Apply _
26. Have you ever. had:
A. Any other chest illness? 1. Yes 2. No

If yes, please specify’

" B. Any chest operations? ' 1. Yes __ 2. No__
If yes, please specify
C. Any chest injuries? _ ' 1. Yes_ __ 2. No__

If yéa, please specify'

2?A. Has a doctor ever told you that you had heart trouble?.
: 1. Yes___ 2. No__

IF YES TO 27A:
B. Have you ever had treatment for heart trouble in the past
10 years? . .
l. Yes___ = 2. No__

3. Does Not Apply -

28A Has a doctor ever told you that you had high blood
pressure? 1. Yes__ 2. No__
IF YES TO 28A: ‘
B. Have you had any treatment for high blood pressure
(hypertension in the past 10 years?
. 1. Yes__ - 2. No___
" 3. Does Not Apply _

29. When did you last have 'your chest X-rayed?
(Year) . __

30. Where did you last have your chest X-rayed (if known)?
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3 ".':"-.A“’-; W

what was thejoutcomezfpf

!

31. Were either of. your natural parents ever told by a doctor -
. that they had a chronic lung condition such as:
. . FATHER MOTHER
laYes 2 No 3. Don’t 1. Yes..2. No 3. Don’ t
S know. . . know.
Chronic bronchitis? ‘
Emphysema? *
Asthma?

Lung cancer?

Other chest conditions?

F. 1Is parent currently alive? =

o G. Please Specify = ___ Age if Living  ____ Age if Living
Age at Death Age at Death
— Don’t Know ~Don’t Know

H. Pleasé specify cause of death

COUGH

32A. Do you usually have a cough? (Count cough w1th first. smoke
or on first going out of doors. Exclude clearing
of throat.) [If no, skip to question
32C.])
T 1. Yes __ 2. No ___
' 32B. Do you usually cough as much as 4 to 6 times a day 4 or
more days out of the week?
1. Yes __ 2. No __
c. Do you usually cough at all on getting up or first thing in
the morning? .
1. Yes __ 2. No __
D. Do you usually cough at all during the rest of the day or
at night? 1.'Yes - . 2. No __ .
IF YES TO ANY OF ABOVE (32a, B, C, or D), ANSWER THE FOLLOWING
IF NO. TO ALL, CHECK DQES -NOT" AP_ELI AND SKIP TO NEXT' PAGE
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.. E." Do you usually cough like this on most days for 3
consecutive months or more during the year?
: 1. Yes ___ 2. No
3. Does not apply

F.' For. how many years have you had the cough? L
- ‘Number of years .
Does not apply

33A. Do you usually bring up phlegm from your chest?

‘ (Count . phlegm with the first smoke or on first going

out of doors. Exclude phlegm from the nose. Count '
: : swallowed phlegm ) (If no, skip to 33C)

1 Yes . . 2. No

. B. Do 'you usually bring up phlegm like this as much as twice a
day 4 or more days out of the week?

- 1. Yes __ 2, No __
c. Do you usually bring up phlegm at all on getting up or
first thing in the morning? ' ‘ ‘
. _ 1. Yes —_ 2, No

D; Do you usually bring up phlegm at all during the rest of
. the day or at night?

1. Yes 2. No

——— - . —

IF YES TO ANY OF THE ABOVE (33A, B, C, or D), ANSWER THE
FOLLOWING: ‘
IF NO TO ALL CHECK DQES_NQI_AERLI AND SKIP TO 34A.

E. Do you bring up phlegm like this on most days for 3
consecutive months or more during the year?

1. Yes _ - 2. No
3. Does not apply

.F.4 For how many years have you had trouble with phlegm?
» Number of years
Does not apply

34Awi-Have you had periods or episodes of (increased*) cough and
o phlegm lasting for 3 weeks or more. each year? - . .
‘ *(For persons who usually have cough and/or phlegm)
< : 1. Yes __ 2. No __
- -.If YES TO 34A :
© Bo For how long have you had at least 1 such episode per year? -

]
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Number of years
Does not apply

WHEEZING

'35A.  Does your chest ever sound wheezy or ﬁﬁistlihgib o
1. When you have a cold? 1. Yes __ 2. No _
2. Occasionally apart from colds? 1. Yes ___ 2. No _
3. Most days or nights? ‘1..Yes___ 2. No

IF YES TO 1, 2, or 3 in 35A
B. For how many years has this been present?
Number of years
Does not apply-

36A. Have you ever had an attack of wheezlng that has made you
feel short of breath? :

1. Yes __ - 2. No ___
IF YES TO 36A

B. How cld were you when you had your first such attack?

' _ Age in years

Does not apply

C. Have you had 2 or more such eplsodes? : _
1. Yes ___ 2. No
3. Does not apply

D. Have you ever required medicine or medicine for the(se)
attack(s)?
: 1. Yes __. 2. No

'3.Does not apply

BREATHLESSNESS

37. If disabled from ﬁalklng by any condition other than heart
or lung dlsease, pleasedescribe and proceed to question
39A.

Nature of cohdition(s)

38A. Are you troubled by shortness of breath when hurrylng on
the level.or walking up a slight hill?
1. Yes 2. No

IF YES TO 38A

B. Do you have to walk slower than people of your agé on the
level because of breathlessness? ,
i. Yes __ =~ 2. No’
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3. Does not apply

C. Do you ever have to stop for breath when walking at your
own pace on the level?
1. Yes__ 2. No __
3. Does not apply

D. Do you ever have to stop for breath after walking about 100
yards (or after a few minutes) on the level?
. 1. Yes___ 2. No
3. Does not apply

E. Are yod‘too breathless to leave the house or breathless on
dressing or climbing one flight of stairs?
1. Yes 2. No.

3. Does not apply
'39A. Have you ever smoked cigarettes? .(No means less than 20
packs of cigarettes or 12 oz. of tobacco in a lifetime or
less than 1 cigarette a day for 1 year.)

1. Yes 2. No

IF YES TO 39A

B. Do you now smoke c1garettes (as of one month age)?
. 1. Yes : 2. No __

3. Does not apply.

C. How old were you when you first started regular cigarette
smoking? Age in years
, Does not apply

D. If you have stopped smoking cigarettes completely, how old
were you when you stopped? l

: : Age stopped

Check if still smoklng

Does not apply

E. How many cigarettes do you smoke per day now?
' Cigarettes per day —
Does not apply —_

F. On the average of the entire time you smoked how many

' cigarettea did you smoke per day?
. Cigarettes per day —
Does not apply S

5§ G. Do or did you inhale the cigarette smoke?
' 1. Does not apply
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2. Not at all
3. Slightly
~ ‘ ’ 4. Moderately
S © 5. Deeply

L1

40A. Have you ever smoked a pipe regularly? .
(Yes means more than 12 oz. of tobacco
in a lifetime.)

: 1. Yes__ 2. No
IF YES TO 40A: |

4
B. 1. How old were you when you started to
smoke a pipe regularly? Age __
2. If you have stopped emoking a pipe completely, how old
were you when you stopped?
Age stopped

Check if still smoking pipe
Does not apply .

. C. On the average over the entire time you smoked a plpe, how
- much pipe tobacco did you smoke per week? ‘
oz. per week
{(a standard pouch of tobacco contains 1 1/2 o0z.)
— Does not apply ‘

D. How much pipe tobacco are you smoking now?
_ oz. per week
Not currently smoking a pipe

E. Do you or did you 1nhale the pipe smoke?
Never smoked
2 Not  at all

3. Slightly —_—
4. Moderately -
S. Deeply _
41A. Have you ever smoked cigars regularly?'
1. Yes___ 2. No___

. (Yes means more than 1 cigar a week for a
year) .

IF YES TO 41A

FOR PERSONS WHO HAVE EVER SMOKED CIGARS

B. 1. How old were you when you started Age
smoking cigars regularly?
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2. If you ‘have stopped smoking cigars Age stopped
completely, how old were you when Check if still
you stopped. smoking cigars _

Does not apply _

~ C. On the average over the'entire time you Cigars per week
smoked cigars, how many cigars did you Does not apply

swoke per week?

D. How many cigars are you smoking per week Cigars per week
' now? Check if not
s smoking cigars
currently

E. Do or did you inhale the cigar smoke? 1. Never smoked
T 2. Not at all

3. Slightly _
4. Moderately _
5. Deeply -

Signature ‘_ Date
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120

12A.

12B.

12C.

12D.

NAME

PLANT

Part 2

PERIODIC MEDICAL QUESTIONNAIRE

SOCIAL SECURITY #

- CLOCK :NUMBER

PRESENT OCCUPATION

ADDRESS

exposed to gas or chemical
fumes in your work?

(2ip Code)

TELEPHONE NUMBER '
INTERVIEWER
DATE —_— —— o e e
what is your marital status? 1. Single __ 4. Separated/

' 1 ‘2. Married __ Divorced _

3. Widowed _ _ :
QCCUPATIONAL HISTORY
In the past year, did you work 1. Yes _ ‘ 2. No ___
full time (30 hours per week .
or more) for 6 months or more?
"IF YES TO 12A:
In the past year, did you work 1. Yes ____. ‘ 2. No ___
in a dusty job? : 3. Does Not Apply ___
Was dust exposure: 1. Mild __ " 2. Moderate __
B : 3. Severe __

In the past year, were you 1. Yes 2. No
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12E. Was exposure: o 1. Mild __ 2.Moderate
‘ : 3. Severe __

12F. In the past year,
. what was your: 1. Job/occupation?

2. Position/job title?

13.  RECENT MEDICAL HISTORY

13A. Do you consider yourself to

be in good health? Yes No
if NO, state reason |
13B. In the pést year, have you
developed: . . Xeg No

Epilepsy?
Rheumatic fever?
) Kidney disease?
Bladder disease?
Diabetes?
" Jaundice?
Cancer?

14.  CHEST COLDS AND CHEST ILLNESSES

14A. If you get a cold, does it usually go to your chest?
(Usually means more than 1/2 the time)
1. Yes 2. No

3. Don’'t get colds ::

RRRERN
[T

15A. During the past year, have you had
any chest illnesses that have kept
you off work, indoors at home, ’ E ,
or in bed? _ o 1. Yes ____ 2. No
' " 3. Does Not Apply

IF YES TO 15A:

15B. Did you produce phlegm with any 1. Yes : 2. No.

of these chest illnesses? 3. Does Not Apply ::
15C. In the past year, how many such Number of illnesses _
"illnesses with (increased) phlegm No such illnesses _

did you have which lasted a week
or more? L
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l6. RESPIRATORY SYSTEM .

In the past year have you héd{

Asthma
Bronchitis
‘Héy Féveff«

Other Allergies

Pneumonia
,Tubéféuiosis

Chest Surgery
Other-Lﬁhé-Problems

Heart Disease

Do you have:

Freduent colds
Chronic cough

Shortness of breath
when walking or

climbing orie flight

or stairs

"' - Do you:
Wheeze -

- Cough up phlegm

. o v. .v ;
S Anmr.a S , L
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' Smoke cigarettes

years ___

Signature

Date

BILLING CODE 4510-26-C

Appendix E to § 1915.1001—
Interpretation and Classification of
Chest Roentgenograms. Mandatory

{a) Chest roentgenograms shall be -

interpreted and classified in accordance with -

a professionally accepted classification
system and recorded on a Roentgenographic
Interpretatlon Form *Form CSD/NIOSH (M)
2.8. :

(b) Roentgenograms shall be mterpreted

- and classified only by‘a B-reader, a board
eligible/certified radiologist, or an
expenenced physxcmn with known expemse
in pneumoconioses.

{c) All interpreters, whenever mterpretmg :
chest roentgenograms made under this
section, shall have immediately available for.
reference a complete set of the ILO-U/C
International Classification of Radiographs
for Pneumoconioses, 1980.

Appendix F to § 1915.1001—Work

" Practices and Engineering Controls for
Class | Asbestos Operatlons Non-
Mandatory

This is a non-mandatory appendix to the
asbestos standards for construction and for
shipyards. It describes criteria and
procedures for erecting and using negative

“pressure eniclosures for Class I Asbestos
Work, when NPEs are used as an allowable '
control method to comply with paragraph
{g)(5) (i) of this section. Many small and
variable details are involved in the erection
of a negative pressure enclosure. OSHA and

most participants in the rulemaking agreed -

that only the major, more performance
oriented criteria should be made mandatory.
These criteria are set out in paragraph (g) of
this section. In addition, this appendix
includes these mandatory speciﬁcations and
procedures in its guidelines in order to make
this appendix coherent and helpful. The
mandatory nature of the criteria which
appear in the regulatory text is not changed
because they are included in this “non- -
mandatory”’ appendix. Similarly, the
additional criteria and procedures included
as guidelines in the appendix, do not become
mandatory because mandatory criteria are
also included in these comprehensive
guidelines.

In addition, none of the criteria, both
mandatory and recommended, are meant to

specify or imply the need for use of patented -

or licensed methods or equipment.
Recommended specifications included in
this attachment should not discourage the

. use of creative alternatives which can be

-shown to reliably achieve the objectives of
negative-pressure enclosures.

Packs per day _

How many’

Requirements included in this appendix,
cover general provisions to be followed in all
asbestos jobs, provisiong which must be
followed for all Class I asbestos jobs, and
provisions governing the construction and
testing of negative pressure enclosures. The
‘first category includes the requirement for
‘use-of wet methods, HEPA vacuums, and
immediate bagging of waste; Class I work
must conform to the following provisions:

¢ oversight by competent person

-» use of critical barriers over all openings
to work area

¢ isolation of HVAC systems

¢ use of impermeable dropcloths and
coverage of all objects within regulated areas

In addition, more specific requirements for
NPEs include?

'« maintenance of —0.02 inches water
gauge within enclosure

e manometric measurements
.- airmovement away from employees

. performing removal work

» smoke testing or equivalent for detection
of leaks and air direction

o deactivation of electrical circuits, if not
provided with ground-fault circuit
interrupters.

" Pldnning the Project

The standard requires that an exposure
assessment be conducted before the asbestos
.job is begun § 1915.1001(f)(1). Information
needed for that assessment, includes data
relating to prior similar jobs, as applied to the
specific variables of the current job. The
information needed to conduct the
assessment will be useful in planning the
project, and in complying with any reporting
requirements under this standard, when

_ significant changes are being made to a

control system listed in the standard, [see

paragraph (k) of this section], as well as those’

of USEPA (40 CFR Part 61, subpart M). Thus,
although the standard does not explicitly
require the preparation of a written asbestos
removal plan, the usual constituents of such
a plan, i.e., a description of the enclosure, the
equipment, and the procedures to be used -
throughout the project, must be determined
before the enclosure can be erected. The

following information should be included in -

the planning of the system:
A physical description of the work area;
A description of the approximate amount
of material to be removed;
" A schedule for turning off and sealing
existing ventilation systems;
.'Personnel hygiene procedures;
A description of personal protective
" equipment and clothing to worn by

. employees;

A description of the local exhaust
-ventilation systems to be used and how they
are to be tested;

o

A description of work practices to be
observed by employees;

An air monitoring plan;

A description of the method to be used to o
transport waste material; and ' '

The location of the dump site.

Materials and Equipme;lt’Ne’ce'ssmy for
Asbestos Removal

Although individual asbestos removal
projects vary in terms of the equipment
required to accomplish~the removal of the
materials, some equipment and materials are
common to most asbestos'removal -
operations.

Plastic sheeting used'to protect horlzontal
surfaces, seal HVAC openings or to seal
vertical openings and ceilings should have a -
minimum thickness'of 6 mils. Tape or.other
adhesive used to attach plastic sheeting
should be of sufficient adhesive strength to
support the weight of the material plus all
stresses encountered during the entire
duration of the project without becoming
detached from the surface.

Other equipment and materials which
should be available at the beginning of each
project are:

—HEPA Filtered Vacuum is essential for
cleaning the work area after the asbestos has
been removed. It should have a long hose
capable of reaching out-of-the-way places,
such as areas above ceiling tiles, behind
pipes, etc.

—Portable air ventilation systems installed -
to provide the negative air pressure and air.
removal from the enclosure must be
equipped with a HEPA filter. The number
and capacity of units required to ventilate an
enclosure depend on the size of the area to
be ventilated. The filters for these systems

..should be designed in such a manner that

they can be replaced when the air flow
volume is reduced by the build-up of dust in

the filtration material. Pressure monitoring

devices with alarms and strip chart recorders

attached to each system to indicate the

pressure differential and the loss due to dust
buildup on the filter are recommended.

—Water sprayers should be used to keep the
asbestos material as saturated as possible
during removal; the sprayers will provide
a fine mist that minimizes the impact of
the spray on the material.

—Water used to saturate the asbestos
containing material can be amended by
adding at least 15 milliliters (¥s ounce) of
wetting agent in 1 liter (1 pint) of water.
An example of a wetting agent is a 50/50
mixture of polyoxyethylene ether and -
polyoxyethylene polyglycol ester.

—Backup power supplies are recommended, -
especially for ventilation systems.

—Shower and bath water should be with
mixed hot and cold water faucets. Water
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that has been used to clean personnel or
equipment should either be filtered or be
collected and discarded as asbestas waste.
Soap and shampoo should be provided to -
aid in removing dust from the workers’
skin and hair.

—See paragraphs (h) and (i) of this section
for appropriate respiratory protection and
protective clothing.

—See paragraph (k) of this section for
required signs and labels.

Preparing the Work Area

Disabling HVAC Systems: The power to the
heating, ventilation, and air conditioning
systems that service the restricted area must
be deactivated and locked off. All ducts,
grills, access ports, windows and vents must
be sealed off with two layers of plastic to
prevent entrainment of contaminated air.

Operating HVAC Systems in the Restricted
Area: If components of a HVAC system
located in the restricted area are connected
to a system that will service another zone
during the project, the portion of the duct in
the restricted area must be sealed and
pressurized. Necessary precautions include
caulking the duct joints, covering all cracks
and openings with two layers of sheeting,

- and pressurizing the duct throughout the
duration of the project by restricting the
return air flow. The power to the fan
supplying the positive pressure should be
locked “‘on” to prevent pressure loss.

Sealing Elevators: If an elevator shaft is
located in the restricted area, it should be
either shut down ar isolated by sealing with
two layers of plastic sheeting. The sheeting
should provide enough slack to
accommodate the pressure changes in the
shaft without breaking the air-tight seal.

Removing Mobile Objects: All movable
objects should be cleaned and removed from
the work area before an enclosure is
constructed unless moving the objects creates
a hazard. Mobile objects will be assumed to
be contaminated and should be either
cleaned with amended water and a HEPA
vacuum and then removed from the area or
wrapped and then disposed of as hazardous
waste.

Cleaning and Sealing Surfaces: After
cleaning with water and a HEPA vacuum,
surfaces of stationary objects should be
covered with two layers of plastic sheeting.
The sheeting should be secured with duct
tape or an equivalent method to provide a
tight seal around the object.

Bagging Waste: In addition to the
requirement for immediate bagging of waste
for disposal, it is further recommended that
the waste material be double-bagged and
sealed in plastic bags designed for asbestos
disposal. The bags should be stared in a
waste storage area that can be controlled by
the workers conducting the removal, Filters
removed from air handling units and rubbish
removed from the area are to be bagged and”
handled as hazardous waste.

Constructing the Enclosure

The enclosure should be constructed to
provide an air-tight seal around ducts and
openings into existing ventilation systems
and around penetrations for electrical
conduits, telephone wires, water lines, drain

pipes, etc. Enclosures should be both airtight
and watertight except for those openings
designed to provide entry and/or air flow
control.

Size: An enclosure should be the minimum
volume to encompass all of the working
surfaces yet allow unencumbered movement
by the worker{s), provide unrestricted air
flow past the worker(s), and ensure walking
surfaces can be kept free of tripping hazards.

Shape: The enclosure may be any shape
that optimizes the flow of ventilation air past
the worker(s). .

Structural Integrity: The walls, ceilings and
floors must be supported in such a manner
that portions of the enclosure will not fall
down during normal use.

Openings: It is not necessary that the
structure be airtight; openings may be
designed to direct air flow. Such openings
should be located at a distance from active
removal operations. They should be designed
to draw air into the enclosure-under all .
anticipated circumstances. In the event that
negative pressure is lost, they should be
fitted with either HEPA filters to trap dust or
automatic trap doors that prevent dust from
escaping the enclosure. Openings for exits
should be controlled by .an airlock or a
vestibule.

Barrier Supports: Frames should be
constructed to support all unsupported spans
of sheeting. . ]

Sheeting: Walls, barriers, ceilings, and
floors should be lined with two layers of
plastic sheeting having a thickness of at least
6 mil.

Seams: Seams in the sheeting material
should be minimized to reduce the
possibilities of accidental rips and tears in
the adhesive or connections. All seams in the
sheeting should overlap, be staggered and not
be located at corners or wall-to- floor joints.
Areas Within an Enclosure: Each enclosure
consists of a work area, a decontamination
area, and waste storage area. The work area
where the asbestos removal operations occur
should be separated from both the waste
storage area and the contamination control
area by physical curtains, doors, and/or
airflow patterns that force any airborne
contamination back into the work area.

See paragraph (j) of § 1915.1001 for
requirements for hygiene facilities.

During egress from the work area, each
worker should step into the equipment room,
clean tools and equipment, and remove gross
contamination from clothing by wet cleaning
and HEPA vacuuming. Before entering the
shower area, foot coverings, head coverings,
hand coverings, and coveralls are removed
and placed in impervious bags for disposal
or cleaning. Airline connections from airline
respirators with HEPA disconnects and
power cables from powered air-purifying
respirators (PAPRs) will be disconnected just
prior to entering the shower room.

Establishing Negative Pressure Within the
Enclosure :

Negative Pressure: Air is to be drawn into
the enclosure under alt anticipated

_conditions and exhausted through a HEPA

filter for 24 hours a day during the entire
duration of the project. -

Air Flow Tests: Air flow patterns will be
checked before removal operations begin, at

least once per operating shift and any time
there is a question regarding the integrity of
the enclosure. The primary test for air flow
is to trace air currents with smoke tubes or
other visual methods. Flow checks are made
at each opening and at each doorway to
demonstrate that air is being drawn into the
enclosure and at each worker’s position to
show that air is being drawn away from the
breathing zone.

Monitoring Pressure Within the Enclosure:
After the initial air flow patterns have been
checked, the static pressure must be
monitored within the enclosure. Monitoring
may be made using manometers, pressure
gauges, or combinations of these devices. It
is recommended that they be attached to
alarms and strip chart recorders at points
identified by the design engineer.

Corrective Actions: If the manometers-or

. pressure gauges demonstrate a reduction in

pressure differential below the required level,
work should cease and the reason for the
change investigated and appropriate changes
made. The air flow patterns should be
retested before work begins again.

Pressure Differential: The design
parameters for static pressure differentials
between the inside’and outside of enclosures
typically range from 0.02 to 0.10 inches of
water gauge, depending on conditions. All
zones inside the enclosure must have less
pressure than the ambient pressure outside of
the enclosure (—0.02 inches water gauge
differential). Design specifications for the
differential vary according to the size,
configuration, and shape of the enclosure as
well as ambient and mechanical air pressure
conditions around the enclosure.

Air Flow Patterns: The flow of air past each
worker shall be enhanced by positioning the
intakes and exhaust ports to remove
contaminated air from the worker’s breathing

" zone, by positioning HEPA vacuum cleaners

to draw air from the worker’s breathing zone,
by forcing relatively uncontaminated air past
the worker toward an exhaust port, or by
using a combination of methods to reduce the
worker’s exposure.

Air Handling Unit Exhaust: The exhaust
plume from air handling units should be
located away from adjacent personnel and
intakes for HVAC systems.

Air Flow Volume: The air flow volume
(cubic meters per minute) exhausted
(removed) from the workplace must exceed
the amount of makeup air supplied to the
enclosure. The rate of air exhausted from the
enclosure should be designed to maintain a
negative pressure in the enclosure and air
movement past each worker. The volume of
air flow removed from the enclosure should
replace the volume of the container at every
5 to 15 minutes. Air flow volume will need
to be relatively high for large enclosures,
enclosures with awkward shapes, enclosures
with multiple openings, and operations
employing several workers in the enclosure.

Air Flow Velocity: At each opening, the air
flow velocity must visibly “‘drag” air into the .
enclosure. The velocity of air flow within the
enclosure must be adequate to remove
airborne contamination from each worker’s
breathing zone without disturbing the
asbestos-containing material on surfaces.

Airlocks: Airlocks are mechanisms on
doors and curtains that control the air flow

'
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patterns in the doorways. If air flow occurs,

_ the patterns through doorways must be such
that the air flows toward the inside of the
enclosure. Sometimes vestibules, double
doors, or double curtains are used to prevent
air movement through the doorways. To use
a vestibule, a worker enters a chamber by
opening the door or curtain and then closing
the entry before opening the exit door or
curtain.

Airlocks should be located between the
equipment room and shower room, between .
the shower room and the clean room, and
between the waste storage area and the
- outside of the enclosure. The air flow
between adjacent rooms must be checked
using smoke tubes or other visual tests to
ensure the flow patterns draw air toward the
work area without producing.eddies.

Monitoring for Airborne Concentrations

In addition to the breathing zone samples
taken as outlined in paragraph (f) of
§1915.1001 , samples of air should be taken
to dernonstrate the integrity of the enclosure,
the cleanliness of the clean room and shower
area, and the effectiveness of the HEPA filter.
If the clean room is shown to be
contaminated, the room must be relocated to .
an uncontaminated area.

Samples taken near the exhaust of portable
ventilation systems must be done with care.

General Work Practices

Preventing dust dispersion is the primary
means of controlling the spread of asbestos
within the enclosure. Whenever practical, the
point of removal should be isolated,
enclosed, covered, or shielded from the
workers in the area. Waste asbestos
containing materials must be bagged during
or immediately after removal; the material
must remain saturated until the waste
container is sealed.

- Waste material with sharp points or
corners must be placed in hard air-tight
containers rather than bags.

Whenever possible, large components
should be sealed in plastic sheeting and
removed intact.

Bags or containers of waste will be moved
to the waste holding area, washed, and
wrapped in a bag with the appropriate labels.

Cleaning the Work Area

Surfaces within the work area should be
kept free of visible dust and debris to the
extent feastble. Whenever visible dust
appears on surfaces, the surfaces within the
enclosure must be cleaned by wiping with a
wet sponge, brush, or cloth and then
vacuumed with a HEPA vacuum.

All surfaces within the enclosure should be
cleaned before the exhaust ventilation system
is deactivated and the enclosure is
disassembled. An approved encapsulate may
be sprayed onto areas after the visible dust
has been removed.

Appendix G to § 1915.1001 {Reserved]

Appendix H to § 1915.1001—Substance
Technical information for Asbestos.
Non-Mandatory

I. Substance Identification

"A. Substance: “Asbestos” is the name of a
class of magnesium-silicate minerals that
occur in fibrous form. Minerals that are
included in this group are chrysotile,
crocidolite, amosite, anthophyllite asbestos,

‘tremolite asbestos, and actinolite asbestos.

B. Asbestos is and was used in the
manufacture of heat-resistant clothing,
automotive brake and clutch linings, and a
variety of building materials including floor
tiles, rooﬁng felts, ceiling tiles, asbestos-
cement pipe and sheet, and fire-resistant
drywall. Asbestos is also present in pipe and
boiler insulation materials and in sprayed-on
materials located on beams, in crawlspaces,
and between walls. )

C. The potential for an asbestas-containing
product to release breathable fibers depends
largely on its degree of friability. Friable
means that the material can be crumbled
with hand pressure and is therefore likely to
emit fibers. The fibrous fluffy sprayed-on
materials used for fireproofing, insulation, or
sound proofing are considered to be friable,
and they readily release airborne fibers if
disturbed. Materials such as vinyl-asbestos
floor tile or roofing felt are considered non-
friable if intact and generally do not emit
airborne fibers unless subjected to sanding,
sawing and other aggressive operations.
Asbestos—cement pipe or sheet can emit
airborne fibers if the materials are cut or
sawed, or if they are broken.

D. Permissible exposure: Exposure to
airbdrne asbestos fibers may not exceed 0.1
fibers per cubic centimeter of air (0.1 f/cc)
averaged over the 8-hour workday, and 1
fiber per cubic centimeter of air (1.0 f/cc)
averaged over a 30 minute work period.

II. Health Hazard Data

A. Asbestos can cause dlsablmg respuatory
disease and various types of cancers if the
fibers are inhaled. Inhaling or ingesting fibers
from contaminated clothing or skin can also
result in these diseases. The symptoms of
these diseases generally do not appear for 20
or more years after initial exposure.

B. Exposure to asbestos has been shown to
cause lung cancer, mesothelioma, and cancer
of the stomach and colon. Mesothelioma is a
rare cancer of the thin membrane lining of
the chest and abdomen. Symptoms of
mesothelioma include shortness of breath,
pain in the walls of the chest, and/or
abdominal pain.

IIl. Respirators and Protective Clothing

A. Respirators: You are required to wear a
respirator when performing tasks that result
in asbestos exposure that exceeds the
permissible exposure limit (PEL) of 0.1 f/cc
and when performing certain designated
operations. Air-purifying respirators
equipped with a high-efficiency particulate
air (HEPA) filter can be used where airborne
asbestos fiber concentrations do not exceed
1.0 /cc; otherwise, more protective
respirators such as air-supplied, positive-

-

pressurs, full facepiece respirators must be
used. Disposable respirators or dust masks
are not permitted to be used for asbestos

- work. For effective protection, respirators

must fit your face and head snugly. Your
employer is required to conduct fit test when
you are first assigned a respirator and every
6 months thereafter. Respirators should not
be loosened or removed in work situations
where their use is required.

B. Protective Clothing: You are requlred to

. wear protective clothing in work areas where
‘asbestos fiber concentrations exceed the

permissible exposure limit (PEL) of 0.1 f/cc.

IV. Disposal Procedures and Clean-up

A. Wastes that are generated by processes
where asbestos is present include:

1. Empty asbestos shipping containers,

2. Process wastes such as cuttings,
trimmings, or reject materials.

3. Housekeeping waste from wet-sweeping
or HEPA-vacuuming,

4. Asbestos fireproofing or insulating
material that is removed from buildings.

5. Asbestos-containing building products
removed during building renovation or
demolition.

6. Contaminated disposable protective
clothing..

B. Empty shipping bags can be ﬂattened
under exhaust hoods and packed into airtight
containers for disposal. Empty shipping
drums are difficult to clean and should be
sealed. .

C. Vacuum bags or disposable paper filters
should not be cleaned, but should be sprayed
with a fine water mist and placed into a
labeled waste container.

D. Process waste and housekeeping waste
should be wetted with water or a mixture of
water and surfactant prior to packaging in'
disposable containers. .

E. Asbestos-containing material that if
removed from buildings must be disposed of
in leak-tight 6-mil plastic bags, plastic-lined
cardboard containers, or plastic-lined metal
containers. These wastes, which are removed
while wet, should be sealed in containers
before they dry out to minimize the release
of asbestos fibers during handling.

V. Access to Information

A. Each year, your employer is required to
inform you of the information contained in
this standard and appendices for asbestos. In
addition, your employer must instruct you in
the proper work practices for handling
asbestos-containing materials, and the correct
use of protective equipment.

B. Your employer is required to determine
whether you are being exposed to asbestos.
Your employer must treat exposure to
thermal system insulation and sprayed-on
and trowled-on surfacing material as asbestos
exposure, unless results of laboratory
analysis show that the material does not
contain asbestos. You or your representative
has the right to observe employee
measurements and to record the results
obtained. Your employer is required to
inform you of your exposure, and, if you are
exposed above the permissible exposure
limit, he or she is required to inform you of

. the actions that are being taken to reduce

your exposure to within the permissible
limit.
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C. Your employer is required to keep
records of your exposures and medical
examinations. These exposure records must .
be kept for at least thirty (30) years. Medical
records must be kept:for the period of your
employment plus thirty (30) years.

D. Your employer is required to release
your exposure and medical records to your
physician or designatéd representative upon
your written request.

Appendix | to § 1915.1001—Medical
Surveillance Guidelines for Asbestos,
Non-Mandatory

I. Route of Entry
Inhalation, ingestion.

II. Toxicology

Clinical evidence of the adverse effects
associated with exposure to asbestos is
present in the form of several well-
conducted epidemiological studies of
occupationally exposed workers, family
contacts of workers, and persons living near
asbestos mines. These studies have shown a
definite association between exposure to

- asbestos and an increased incidence of lung
cancer, pleural and peritoneal mesothelioma,
gastrointestinal cancer, and asbestosis. The
latter is a disabling fibrotic lung disease that
is caused only by exposure to asbestos.
Exposure to asbestos has also been associated
with an increased incidence of esophageal,
kidney, laryngeal, pharyngeal, and buccal
cavity cancers. As with other known chronic
occupational diseases, disease associated
with asbestos generally appears about 20
years following the first occurrence of
exposure: There are no known acute effects
associated with exposure to asbestos.

Epidemiological studies indicate that the
risk of lung cancer among exposed workers
who smoke cigarettes is greatly increased
over the risk of lung cancer among non-
exposed smokers or exposed nonsmokers.
These studies suggest that cessation of
smoking will'reduce the risk of lung cancer
for a person exposed to asbestos but will not
reduce it to the same level of risk as that
existing for an' exposed worker who has
never smoked.

Il Signs and Symﬁtoms of Exposure Related
Disease

The signs and symptoms of lung cancer or
gastrointestinal cancer induced by exposure
to asbestos are not unique, except that a chest
X-ray of an exposed patient with lung cancer
may show pleural plaques, pleural
calcification, or pleural fibrosis. Symptoms
characteristic of mesothelioma include
shortness of breath, pain in the walls of the -
chest, or abdominal pain. Mesothelioma has
a much longer latency period compared with
lung cancer (40 years versus 15-20 years),
and mesothelioma is therefore more likely to
be found among workers who were first
exposed to asbestos at an early age.
Mesothelioma is always fatal.

Asbestosis is pulmonary fibrosis caused by
the accumulation of asbestos fibers in the
lungs. Symptoms include shortness of breath,
coughing, fatigue, and vague feelings of
sickness: When the fibrosis worsens,
shortness of breath occurs even at rest. The

diagnosis of asbestosis is based on a history The employer is required to make the

- of exposure to asbestos, the presence of . prescribed tests available at least annually to
characteristics radiologic changes, end- those employees covered; more often than
inspiratory crackles (rales), and other clinical  specified if recommended by the examining
features of fibrosing lung disease. Pleural physician; and upon termination of
plaques and thickening are observed on X- employment.
rays taken during the early sates of the The employer is required to provide the
disease. Asbestosis is often a progressive physician with the following information: A
disease even in the absence of continued copy of this standard and appendices; a
exposure, although this appears to be a description of the employee’s duties as they
highly individualized characteristic. In relate to asbestos exposure; the employee’s
severe cases, death may be caused by representative level of exposure to asbestos;
respiratory or cardiac failure. a description of any personal protective and

. . respirato uipment used; and information
v. Sgrve;l I ance and Preventive frorlL prezo?g ml:adical examinations of the
Considerations affected employee that is not otherwise

As noted above, exposure to asbestos have  available to the physician. Making this
been linked to an increased risk of lung information available to the physician will
cancer, mesothelioma, gastrointestinal aid in the evaluation of the employee’s health
cancer, and asbestosis among occupanonally in relation to assigned duties and fitness to
exposed workers. Adequate screening tests to  wear personal protective equipment, if

determine an employee 8 potential for required.

developing serious chronic diseases, such as The employer is required to obtain a
a cancer, from exposure to asbestos donot - written opinion from the examining
presently exist. However, some tests, physician containing the results of the
particularly chest X-rays and pulmonary medical examination; the physician’s

function tests, may indicate that an employee opinion as to whether the employee has any
has been overexposed to asbestos increasing  detected medical conditions that would place
his or her risk of developing exposure related the employee at an increased risk of

chronic diseases. It is important for the exposure-related diseasé; any recommended
physician to become familiar with the limitations on the employee or on the use of
operating conditions in which occupational . personal protective equipment; and a
exposure to asbestos is hkely to occur. This statement that the employee has been

is particularly important in evaluating informed by the physician of the results of
medical and work histories and in the medical examination and of any medical
conducting physical examinations. When an  conditions related to asbestos exposure that
active employee has been identified as require further explanation or treatment. This
having been overexposed to asbestos written opinion must not reveal specific
measures taken by the employer to eliminate  findings or diagnoses unrelated to exposure
or mitigate further exposure should also _to asbestos, and a copy of the opinion must
lower the risk of serious long-term ~be provided to the affected employee.
consequences.

The employer is required to institute a Appendix J to § 1915.1001—Smoking
medical surveillance program for all Cessation Program Information for
employees who are or will be exposed to Asbestos—Non-Mandatory
asbestos at or above the permissible exposure
limits (0.1 fiber per cubic centimeter of air) The following organizations provide
for 30 or more days per year and for all smoking cessation information.
employees who are assigned to wear a 1. The National Cancer Institute operates a
negative-pressure respirator. All toll-free Cancer Information Service (CIS)
examinations and procedures must be with trained personnel to help you. Call 1~
performed by or under the supervision of 800-4—-CANCER* to reach the CIS office
licensed physician at a reasonable time and serving your area, or write: Office of Cancer
place, and at no cost to the employee. Communications, National Cancer Institute,

Although broad latitude is given to the National Institutes of Health, Building 31,
physician in prescribing specific tests to be Room 10A24, Bethesda, Maryland 20892,
included in the medical surveillance 2. American Cancer Society, 3340 .
program, OSHA requires inclusion of the Peachtree Road, N.E., Atlanta, Georgia 30026,
following elements in the routine © (404) 320-3333.
examination, The American Cancer Society (ACS) is a

(i) Medical and work histories with special ~ voluntary organization composed of 58
emphasis directed to symptoms of the divisions and 3,100 local units. Through
respiratory system, cardiovascular system, “The Great American Smokeout” in
and digestive tract. November, the annual Cancer Crusade in

(ii) Completion of the respiratory disease April, and numerous educational materials,
questionnaire contained in Appendix D to ACS helps people learn about the health
this section. ‘hazards of smoking and become successful

(iii) A physical examination including a ex-smokers.
chest roentgenogram and pulmonary function 3. American Heart Association, 7320
test that include measurement of the Greenville Avenue, Dallas, Texas 75231,
employee’s forced vital capacity (FYC) and -(214) 750-5300.
forced expiratory volume at one second The American Heart Association (AHA) is
(FEV)). a voluntary organization with 130,000

(iv) Any laboratory or other test that the members (physicians, scientists, and
examining physician deems by sound . laypersons) in §5 state and regional groups.

medical practice to be necessary. AHA produces a variety of publications and
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audiovisual materials about the effects of -
smoking on the heart. AHA also has
developed a guidebook for incorporating a -
weight-control component-into smokmg
cessation programs.

4. American Lung Assocnatlon 1740.
Broadway, New York New York 10019 (212)
245-8000.

A voluntary orgamzahon of 7 500 members

. (physicians, nurses,.and laypersons), the
American Lung Association (ALA) conducted
numerous public information programs about
the health effects of smoking. ALA has 59
state and 85 local units. The organization

actively supports legislation and information

" campaigns for non-smokers’ rights and

provides help for smokers who want to quit,
for example, through “Freedom From

Smoking,” a self-help smoking cessation

program.

5. Office on Smoking and Health, U.S.
Department of Health and Human Services
5600 Fishers Lane, Park Building, Room 110,
Rockville, Maryland 20857. ’

The Office on Smoking and Health (OSHA)
is the Department of Health and Human
Services' lead agency in smoking control. -
OSHA has sponsored distribution of
publications on smoking-related topics, such
as free flyers on relapse after initial quitting,
helping a friend or family member quit
smoking, the health hazards of smoking, and
the effects of parental smoking on teenagers.

*In Hawaii, on Oahu call 524-1234 (call
collect from neighboring islands),

Spanish-speaking staff members are
available during daytime hours to callers
from the following areas: California, Florida,
Georgia, 1llinois, New Jersey (area code 201),
New York, and Texas. Consult your local
telephone directory for listings of local
chapters.

Appendix K to § 1915.1001—Polarized
Light Microscopy of Asbestos—Non-
Mandatory)

Method number: 1D-191
Matrix: Bulk

Collection Procedure

Collect approxunately 1 to 2 grams of each
type of material and place into separate 20
mL scintillation vials.

Analytical Procedure

A portion of each separate phase is
analyzed by gross examination, phase-polar
examination, and central stop dispersion
microscopy.

Commercial manufacturers and products
mentioned in this method are for descriptive
use only and do not constitute endorsements
by USDOL-OSHA. Similar products from
other sources may be substituted. :

1. Introduction

This method describes the collection and
‘analysis of asbestos bulk materials by light

microscopy techniques including phase-
polar illumination and central-stop
dispersion microscopy. Some terms unique
to asbestos analysis are defined below:

Amphibole: A family of minerals whose-
crystals are formed by long, thin units which
have two thin ribbons of double chain
silicate with'a brucite tibbon in between. The

shape of each unit is similar to an “I beam"”,
Minerals important in asbestos analysis -
include cummingtonite-grunerite,
crocidolite, tremolite- actinolite and
anthophyllite. '

Asbestos: A term for naturally occurring’
fibrous minerals. Asbestos includes
chrysotile, cummingtonite-grunerite asbestos
(amosite), anthophyllite asbestos, tremolite
asbestos, crocidolite, actinolite asbestos and
any of these minerals which have been
chemically treated or altered. The precise.
chemical formulation of each species varies
with the location from which it was mined.
Nominal compositions are listed:

Chrysotile.......ccoocvrivcnenecnnnnae Mg1Si,0s(OH)4
Crocidolite (Rlebecklte asbestos)
........................ NazFegz * Fe;’ + SlgOzz(OH)z
Cummingtonite-Grunerite asbestos
(AMOSIte)....cvreerrrsreeans (Mg Fe);Sia022(0H)2
Tremolite-Actinolite asbestos
............................. Caz(Mg.Fe)_;SigOzz(OH)z
Anthophyllite asbestos ...(Mg,Fe)>Sis02,(OH).

Asbestos Fiber: A fiber of asbestos meeting
the criteria for a fiber. (See section 3.5.)

Aspect Ratio: The ratio of the length of a
fiber to its diameter usually defined as
“length : width”, e.g. 3:1.

Brucite: A sheet mineral with the
composition Mg(OH)a. .

Central Stop Dispersion Staining
{microscope): This is a dark field microscope
technique that images particles using only
light refracted by the particle, excluding light
that travels through the particle unrefracted.
This is usually accomplished with a
McCrone objective or other arrangement
which places a circular stop with apparent
aperture equal to the objective aperture in the
back focal plane of the microscope. i

Cleavage Fragments: Mineral particles
formed by the comminution of minerals, '
especially those characterized by relatively
parallel sides and moderate aspect ratio.

Differential Counting: The term applied to
the practice of excluding certain kinds of
fibers from a phase contrast asbestos count
because they are not asbestos.

Fiber: A particle longer than or equal to 5
um with a length to width ratio greater than
or equal to 3:1. This may include cleavage -
fragments. (see section 3.5 of this appendix).

Phase Contrast: Contrast obtained in the
microscope by causing light scattered by
small particles to destructively interfere with
unscattered light, thereby enhancing the
visibility of very small particles and particles
with very low intrinsic contrast.

Phase Contrast Microscope: A microscope
configured with a phase mask pair to create
phase contrast. The technique which uses
this is called Phase Contrast Microscopy
(PCM).

Phase-Polar Analysis: This is the use of

. polarized light in a phase contrast

microscope. It is used to see the same size
fibers that are visible in air filter analysis.
Although fibers finer than 1 pm are visible,
analysis of these is inferred from analysis of
larger bundles that are usually present.
Phase-Polar Microscope: The phase-polar
microscope is a phase contrast microscope
which has an analyzer, a polarlzer, a first
order red plate and a rotating phase
condenser all In place so that the polarized
light image is enhanced by phase contrast.

- Sealing Encapsulant: This is a product
which can be applied; preferably by spraying,
onto an asbestos surface which will seal the
surface so that fibers cannot be released.

Serpentine: A mineral family consisting of
minerals with the general composition - -
Mg1(Si205(OH), having the magnesium in.
brucite layer over a silicate layer. Minerals
important in asbestos analysis included in-
this family are chrysotlle lizardite,
antigorite.

1.1. History

Light microscopy has been used for well
over 100 years for the determination of
mineral species. This analysis is carried out
using specialized polarizing microscopes as
well as bright field microscopes. The
identification of minerals is an on-going
process with many new minerals described
each year. The first recorded use of asbestos
was in Finland about 2500 B.C. where the
material was used in the mud wattle for the
wooden huts the people lived in as well as
strengthening for pottery. Adverse health
aspects of the mineral were noted nearly
2000 years ago when Pliny the Younger
wrote about the poor health of slaves in the
asbestos mines. Although known to be
injurious for centuries, the first modern
references to its toxicity were by the British
Labor Inspectorate when it banned asbestos
dust from the workplace in 1898. Asbestosis
cases were described in the literature after
the turn of the century. Cancer was first
suspected in the mid 1930’s and a causal link
to mesothelioma was made in 1965. Because
of the public concern for worker and public
safety with the use of this material, several
different types of analysis were applied to the
determination of asbestos content. Light
microscopy requires a great deal of
experience and craft. Attempts were made to
apply less subjective methods to the analysn
X-ray diffraction was partially successful in
determining the mineral types but was
unable to separate out the fibrous portions
from the non-fibrous portions. Also, the
minimum detection limit for asbestos
analysis by X-ray diffraction (XRD) is about

1%. Differential Thermal Analysis (DTA) was
no more successful. These provide useful
corroborating information when the presence
of asbestos has been shown by microscopy;
however, neither can determine the
difference between fibrous and non-fibrous
minerals when both habits are present. The -
same is true of Infrared Absorption (IR).

When electron microscopy was applied to
asbestos analysis, hundreds of fibers were
discovered present too small to be visible in
any light microscope. There are two different
types of electron microscope used for
asbestos analysis: Scanning Electron
Microscope {(SEM) and Transmission
Electron Microscope (TEM). Scanning
Electron Microscopy is useful in identifying
minerals. The SEM can provide two of the
three pieces of information required to
identify fibers by electron microscopy:
morphology and chemistry. The third is
structure as determined by Selected Area
Electron Diffraction—SAED which is
performed in the TEM. Although the
resolution of the SEM is sufficient for very "
fine fibers to be seen, accuracy of chemical
analysis that can be performed on the fibers
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varies with fiber diameter in fibers of less
than 0.2 pm diameter. The TEM is a powerful

. tool to identify fibers too small to be resolved
by light microscopy and should be used in
conjunction with this method when -
necessary. The TEM can provide all three
pieces of infdrmation required for fiber
identification. Most fibers thicker than 1 um

" can adequately be defined in the light
‘microscope. The light microscope remains as
the best instrument for the determination of
mineral type. This is because the minerals
under investigation were first described
analytically with the light microscope. It is

- inexpensive and gives positive identification
for most samples analyzed. Further, when

" optical techniques are inadequate, there is
ample indication that alternative techniques

should be used for complete identification of -

the sample.
1.2. Principle

Minerals consist of atoms that may be
arranged in random order or in a regular
arrangement. Amorphous materials have
atoms in random order while crystalline
materials have long range order. Many
materials are transparent to light, at least for
small particles or for thin sections. The
properties of these materials can be
investigated by the effect that the material
has on light passing through it. The six
asbestos minerals are all crystalline with
particular properties that have been
identified and cataloged. These six minerals
are anisotropic. They have a regular array of
atoms, but the arrangement is not the same
in all directions. Each major direction of the
crystal presents a different regularity. Light

* photons travelling in each of these main
directions will encounter different electrical
neighborhoods, affecting the path and time of
travel. The techniques outlined in this
method use the fact that light traveling
through fibers or crystals in different
directions will behave differently, but
predictably. The behavior of the light as it

. travels through a crystal can be measured and

compared with known or determined values’
to identify the mineral species. Usually,

.+ Polarized Light Microscopy (PLM) is
performed with strain-free objectives on a

“bright-field microscope platform. This would
‘limit the resolution of the microscope to
about 0.4 pm. Because OSHA requires the
counting and identification of fibers visible
in phase contrast, the phase contrast platform
is used to visualize the fibers with the
polarizing elements added into the light path.
Polarized light methods cannot identify

fibers finer than about 1um in diameter even

though they are visible. The finest fibers are
usually identified by inferencd from the
presence of larger, identifiable fiber bundles.
When fibers are present, but not identifiable
by light microscopy, use either SEM or TEM
to determine the fiber identity.

1.3. Advantages and Disadvantages

The advantages of light microcopy are:

(a) Basic identification of the materials was
first performed by light microscopy and gross
analysis. This provides a large base of
published information against which to
check analysis and analytical technique.

(b) The analysis is specnf ¢ to fibers. The
minerals present can exist in asbestiform,

fibrous, prismatic, or massive varieties all at
the same time. Therefore, bulk methods of
analysis such as X-ray diffraction, IR
analysis, DTA, etc. are inappropriate where
the material is not known to be fibrous.

(c) The analysis is quick, requires little
preparation time, and can be performed on-
site if a suitably equlpped microscope is

" available.

The dlsadvantages are:

(a) Even using phase-polar illumination,
not all the fibers préserit may be seen. This
is a problem for very low asbestos
concentrations where agglomerations or large

bundles of fibers may not be present to allow

identification by inference.

{(b) The method requires a great degree of
sophistication on the part of the :
microscopist. An analyst is only as useful as
his mental catalog of i images. Therefors, a
microscopist’s accuracy is enhanced by
experience. The mineralogical training of the
analyst is very important. It is the basis on
which subjective decisions are made.

(c) The method uses only a tiny amount of
material for analysis. This may lead to -
sampling bias and false results (high or low).
This is especially true if the sample is
severely inhomogeneous.

" (d) Fibers may be bound in a matrix and
not distinguishable as fibers so identification
cannot be made.

1.4, Method Performance

1.4.1. This method can be used for
determination of asbestos content from 0 to
100% asbestos. The detection limit has not
been adequately determined, although for
selected samples, the limit is very low,
depending on the number of particles
examined. For mostly homogeneous, finely
divided samples, with no difficult fibrous
interferences, the detection limit is below
1%. For inhomogeneous samples {(most
samples), the detection limit remains
undefined. NIST has conducted proficiency
testing of laboratories on a national scale.
Although each round is reported statistically
with an average, control limits, etc., the
results indicate a difficulty in establishing -
precision especially in the low concentration
range. It is suspected that there is significant
bias in the low range especially near 1%.
EPA tried to remedy this by requiring a
mandatory point counting scheme for = -
samples less than 10%. The point counting
procedure is tedious, and may introduce
significant biases of its own. It has not been
incorporated into this method.

1.4.2. The precision and accuracy of the .
quantitation tests performed in this method -
are unknown. Concentrations are easier to
determine in commercial products where
asbestos was deliberately added because the
amount is usually more than a few percent.
An analyst’s results can be “calibrated”
against the known amounts added by the
manufacturer. For geological samples, the
degree of homogeneity affects the precision.

1.4.3. The performance of the method is
analyst dependent. The analyst must chaose,
carefully ‘and not necessarily randomly the :
portions for analysis to assure that detection
of asbestos occurs when it is present. For this
reason, the analyst must have adequate
training in sample preparation, and
experience in the location and identification

N

of asbestos in samples. This is usually
accomiplished through substaritial on-the-job
training as well as formal education in
mineralogy and mlcroscopy

1.5. Interferences’

Any material which is long, thin, and small
enough to be viewed under the microscope

_can be considered an interference for . .

asbestos. There are literally hundreds of
interferences in workplaces. The techniques
described in this method are normally
sufficient to eliminate the interferences. An

_analyst's success in eliminating the

interferences depends on proper training.

- Asbestos minerals belong to two mineral .
famlhes the serpentines and the amphiboles.
In the serpentine family, the only common
fibrous mineral is chrysotile. Occasionally,
the mineral antigorite occurs in a fibril habit
with morphology similar to the amphiboles.
The amphibole minerals consist of a score of
different minerals of which only five are
regulated by federal standard: amosite, -
crocidolite, anthophyllite asbestos, tremolite
asbestos and actinolite asbestos. These are

-the only amphibole minerals that have been
- commercially exploited for their fibrous .

properties; however, the rest can and do
occur occasionally in asbestiform habit.
" In addition to the related mineral
interferences, other minerals common in

- building material may present a problem for

some microscopists: gypsum, anhydrite,
brucite, quartz fibers, talc fibers or ribbons,
wollastonite, perlite, attapulgite, etc. Other
fibrous materials commonly present in
workplaces are: fiberglass, mineral wool,
ceramic wool, refractory ceramic fibers,
kevlar, nomex, synthetic fibers, graphite or
carbon fibers, cellulose (paper or wood)
fibers, metal fibers, etc. )

Matrix embedding material can sometimes
be a negative interference. The analyst may
not be able to easily extract the fibers from
the matrix in order to use the method. Where
possible, remove the matrix before the
analysis, taking careful note of the loss of
weight. Some.common matrix materials are:
vinyl, rubber, tar, paint, plant fiber, cement,
and epoxy. A further negative interference is

~ that the asbestos fibers themselves may be

either too small to be seen in Phase contrast
Microscopy (PCM) or of a very low fibrous -

. quality, having the appearance of plant

fibers. The analyst’s ability to deal with these
matenals increases with experience.
1.6. Uses and Occupanonal Exposure

Asbestos is ubiquitous in the environment,
More than 40% of the land area of the United
States is composed of minerals which may

_ contain asbestos. Fortunately, the actual

formation of great amounts of asbestos is

-relatively rare. Nonetheless, there are

locations in which environmental exposure
can be severe such as in the Serpentine Hills

~ of California.

There are thousands of uses for asbestos in
industry and the home. Asbestos abatement

. workers arg the most current segment of the

population to have occupational exposure to
great amounts of asbestos. If the material is
undisturbed, there is no exposure. Exposure
occurs when the asbestos-containing material
is abraded or otherwise disturbed during
maintenance operations er some other
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activity. Approximately 95% of the asbestos
in place in the.United States.is chrysotile.
Amosite and crocidolite make up nearly all
the difference. Tremolite and anthophyllite
make up a very small percentage. Tremolite
is found in extremely small amounts in
v«certain chrysotile deposits. Actinolite
exposure is probably greatest from - ’
environmentalisources, but has been
- identified in vermiculite eontaining; sprayed-
on insulating materials which may have'been
. certified as asbestos-free, °

1.7. Physicél and Chemical Properties -

The nominal chemical composmons for
the asbestos minerals were given in Section
1. Compared to cleavage fragments of the
same minerals, asbestiform fibers possess a
high tensile strength along the fiber axis.
They are chemically inert, non-combustible,
and heat resistant. Except for chrysotile, they
are insoluble in Hydrochlonc acid (HCI).
Chrysotile is slightly soluble in HCI. Asbestos
has high electrical resistance and good sound
absorbing characteristics. It can be woven

into cables, fabrics or other textiles, or matted ,

into papers, felts, and mats.

1.8. Toxicology (This Section is for
Information Only and Should Not Be Taken
as OSHA Pollcy)

P0331ble physiologic.results of respu'alory
exposure 'to asbestos are mesothelioma of the
pleura or peritoneum, interstitial fibrosis,
asbestosis, pneumoconiosis, or respiratory
cancer. The possible consequences of
asbestos exposure are detailed in the NIOSH
Criteria Document or in the OSHA Asbestos
Standards 29 CFR 1910.1001 and 29 CFR
1926.1101.

2. Sampling Procedure
_2.1. Equipment for Sampling

(a) Tube or cork borer sampling device

“ (b} Knife -,
(c) 20 mL scmtxllatlon vial or similar vial
(d) Sealing encapsulant

2.2. Safety-Precautions

~ Asbestos is a known carcinogen. Take care
when sampling. While in an asbestos-
containing atmosphere, a properly selected
and fit-tested respirator should be worn. Take
samples in a manner to cause the least
amount of dust..Follow these general
guidelines:,
~(a) Do not make unnecessary dust.
(b) Take only a small amount (1 to 2 g).
(c) Tightly close the sample container.
" (d) Use encapsulant to seal the spot where
the sample was taken, if necessary.

2.3. Sampling procedure

Sdmples of any suspect material should be
taken from an ipconspicuous place. Where
the materia! is to remain, seal the sampling
wound with an encapsulant to eliminate the
potential for gxposure from the sample site.

. 'Microscopy. requires only,a few milligrams of
..~material, The amount that will fill a 20 mL
scmullatxon yial is more than adequate Be
-sure to collect simples fram all layers and

phases of material, If possible, make separate .

samples of each dlfferent phase of the .
material, This will aid in determining the - .-
actual hazard. DO NOT USE ENVELOPES;
PLASTIC OR PAPER HAGS OF ANY KIND

_‘Material Safety Data. Sheet (MSDS)

TO COLLECT SAMPLES. The use of plastic
bags presents a contamination hazard to .
laboratory personnel and to other samples.
When these containers are opened, a bellows
effect blows fibers out of the container onto
everything; mcludmg the person openmg the
container. P

If a cork-borer type sampler is avallable
push the tube through the material all the
way, so that all layers of material are .

sampled. Some samplers are intended to be

disposable. These should be capped and sent

. to the laboratory. If a non-disposable cork
- borer is used, empty the contents into a

scintillation vial and send to the laboratory.
Vigorously and completely clean the cork
borer between samples. )

2.4 Shipment
Samples packed in glass vials must not
touch or they might break in shipment.

(a) Seal the samples with a sample seal
(such as.the OSHA 21) over the end to guard

-againist tampering and to identify the sample.

(b) Package the bulk samples in separate
packages from the air samples. They may
cross-contaminate each other and will
invalidate the results of the air samples.

(c) Include identifying paperwork with the

. samples, but not in coritact with the-

suspected asbestos.

(d) To maintain sample accountability,
ship the samples by certified mail, overnight
express, or hand carry them to the laboratory

3. Analysis

-The analysis of asbestos samples can be
divided into two major parts: sample .
preparation and microscopy. Because of the
different asbestos uses that may be
encountered by the analyst, each sample may
need different preparation steps. The choices
are outlined below. There are several
different tests that are performed to identify

‘the asbestos species and determine the

percentage. They will be explained below.
3.1. Safety

(a) Do not create unnecessary dust. Handle
the samples in HEPA-filter equipped hoods.
If samples are received in bags, envelopes or
other ‘inappropriate container, open them
only in a hood having a face velocity at or
greater than 100 fpm. Transfer a small .
amount to a scintillation vial and only
handle the smaller amount.

(b) Open samples in a hood, never in the
open lab area.

(c) Index of refraction oils can be toxlc.
Take care not to get this material on the skin.
Wash immediately with soap and water if
this happens.

(d) Samples that have been heated in the
muffle furnace or the drying oven may be
hot. Handle them with tongs until they are
cool enough to handle.

(e) Some of the solvents used, such as THF
(tetrahydrofuran), are toxic-and should only
be handled in an-eppropriate fume hood and
according to instructions given'in the ‘-

3.2. Equipment

(a) Phase contrast mlcroscope with 10x,
16x-and 40x ob)ectlves, 10x wide-field .,

. -eyepieces, G-22 Walton- Beckett gratlcule,
- ‘Whipple disk, polanzer. analyzer and first

' order red or gypsum plate, 100 Watt

illuminator, rotating position condenser with

- oversize phaserings, central stop dispersion

objective, Kohler illumination and a rotating
mechanicalstage. (See Figure 1}.”
(b) Stereo microscope with reflécted light

illumination, transmitted light illumination,

polarizer, analyzer and first order red or
gypsum plate, and rotating stage.
" (c) Negative pressure hood for the stereo
microscope .
(d) Muffle furnace capable of 600 °C .
(e) Drying oven capable of 50-150 °C.
(f) Aluminum specimen pans
(g) Tongs for handling samples in the
furnace
(h) High dispersion index of refraction oils
(Special for dispersion staining.}
n=1.550
n=1.585
n=1.590
n=1.605
p=1.620
n=1.670
n=1.680
n=1.690

(i) A set of index of refracnon onls from
about n=1.350 to n=2.000 in n=0.005
increments. (Standard: for Becke line - -
analysis.) :

(j) Glass slides with painted or frosted ends
1 x 3 inches 1mm thick, precleaned.

(k) Cover Slips 22 x 22 mm, #12

(1) Paper clips or dissection needles

(m) Hand grinder

(n) Scalpel with both #10 and #11 blades

{0) 0.1 molar HCI

(p) Decalcifying solution (Baxter Scientific
Products) Ethylenediaminetetraacetic Acid,

Tetrasodium 0.7 g/l
Sodium Potassium Tartrate...........8.0 mg/liter
Hydroch]oric Acid .99.2 g/liter
Sodium Tartrate ..........cmeeresssesess 0.14 g/liter

(q) Tetrahydrofuran (THF)
(r) Hotplate capable of 60 °C
(s} Balance

(t) Hacksaw blade |

(u) Ruby mortar and pestle

3.3. Sample Pre-Preparation
Sample preparation begins with pre-

‘preparation which may include chemical

reduction of the matrix, heating the sample
to dryness or heating in the muffle furnace.
The end result is a sample which has been
reduced to a powder that is sufficiently fine
to fit under the cover slip. Analyze different
phases of samples separately, e.g,, tile and
the tile mastic should be analyzed separately
as the mastic may contain asbestos while the
tile may not.

" (a) Wet Samples

Samples with a high water content will not
give the proper dispersion. colors and must be
dried prior to sample mounting. Remove the

' _ lid of the scintillation vial, place the bottle

in the drying oven and heat at 100°Cta _
dryness (usually about 2 h). Samples whlch
are not submitted to the lab in glass must.be

removed and placed in glass vials or , -

aluminum weighing pans before placmg
them in the drying oven.
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(b) Samples With Organic Interference—
Muffle Furnace

These may include samples with tarasa
matrix, vinyl asbestos tile, or any other
organic that can be reduced by heating.
Remove the sample from the vial and weigh
in a balance to determine the weight of the
submitted portion. Place the sample in a
muffle furnace at 500 °C for 1 to 2 h or until
all obvious organic material has been
removed. Retrieve, cool and weigh again to
determine the weight loss on ignition. This
is necessary to determine the asbestos
content of the submitted sample, because the
analyst will be looking at a reduced sample.

Notes: Heating above 600 °C will cause the
sample to undergo a structural change which,
. given sufficient time, will convert the
chrysotile to forsterite. Heating even at lower
temperatures for 1 to 2 h may have a
measurable effect on the optical properties of
the minerals, If the analyst is unsure of what
to expect, a sample of standard asbestos
should be heated to the same temperature for
the same length of time so that it can be
examined for the proper interpretation.

(c) Samples With Organic Interference—THF

Vinyl asbestos tile is the most common
material treated with this solvent, although,
substances containing tar will sometimes
yield to this treatment. Select a portion of the
material and then grind it up if possible.
Weigh the sample and place it in a test tube.
Add sufficient THF to dissolve the organic
matrix. This is usually about 4 to 5 mL.
Remember, THF is highly flammable. Filter
the remaining material through a tared silver
membrane, dry and weigh to determine how
much is left after the solvent extraction.
Further process the sample to remove
carbonate or mount directly.

(d} Samples With Carbonate Interference

Carbonate material is often found on fibers
and sometimes must be removed in order to
perform dispersion microscopy. Weigh out a
portion of the material and place it in a test
tube. Add a sufficient amount of 0.1 M HC]
or decalcifying solution in the tube to react
all the carbonate as evidenced by gas
formation; i.e., when the gas bubbles stop,

" add a little more solution. If no more gas
forms, the reaction is complete. Filter the
material out through a tared silver

membrane, dry and weigh to determine the
weight lost,

3.4. Sample Preparation

Samples must be prepared so that accurate
determination can be made of the asbestos
type and amount present. The following
steps are carried out in the low-flow hood (a
low-flow hood has less than 50 fpm flow):

(1) If the sample has large lumps, is hard,
or cannot be made to lie under a cover slip,

. the grain size must be reduced. Place a small

amount between two slides and grind the
material between them or grind a small
amount in a clean mortar and pestle. The
choice of whether to-use an alumina, ruby,
or diamond mortar depends on the hardness
of the material. Impact damage can alter the
asbestos mineral if too much mechanical
shock occurs. (Freezer mills can completely
destroy the observable crystallinity of
asbestos and should not be used). For some
samples, a portion of material can be shaved
off with a scalpel, ground off with a hand
grinder or hack saw blade.

The preparation tools should either be
disposable or cleaned thoroughly. Use
vigorous scrubbing to loosen the fibers
during the washing. Rinse the implements
with copious amounts of water and air-dry in
a dust-free environment. _

(2) If the sample is powder or has been
reduced as in 1) above, it is ready to mount,
Place a glass slide on a piece of optical tissue
and write the identification on the painted or
frosted end. Place two drops of index of
refraction medium n=1.550 on the slide. (The
medium n=1.550 is chosen because it is the
matching index for chrysotile. Dip the end of
a clean paper-clip or dissecting needle into
the droplet of refraction medium on the slide
to moisten it. Then dip the probe into the
powder sample. Transfer what sticks on the
probe to the slide. The material on the end
of the probe should have a diameter of about
3 mm for a good mount. If the material is
very fine, less sample may be appropriate.
For non-powder samples such as fiber mats,
forceps should be used to transfer a small
amount of material to the slide. Stir the
material in the medium on the slide,
spreading it out and making the preparation
as uniform as possible. Place a cover-slip on
the preparation by gently lowering onto the
slide and allowing it to fall “trapdoor”
fashion on the preparation to push out any

bubbles. Press gently on the cover slip to
even out the distribution of particulate on the
slide. If there is insufficient-mounting oil on

" the slide, one or two drops may be placed

near the edge of the coverslip on the slide.
Capillary action will draw the necessary
amount of liquid into the preparation.
Remove excess oil with the point of a
laboratory wiper.

Treat at least two different areas of each
phase in this fashion. Choose representative
areas of the sample. It may be useful to select
particular areas or fibers for analysis. This is"
useful to identify asbestos in severely
inhomogeneous samples.

When it is determined that amphiboles
may be present, repeat the above process
using the appropriate high- dispersion oils
until an identification is made or all six
esbestos minerals have been ruled out. Note
that percent determination must be done in
the index medium 1.550 because amphiboles
tend to disappear in their matching
mediums. .

3.5. Analytical procedure

Note: This method presumes some
knowledge of mineralogy and optical
petrography.

The analysis consists of three parts: The
determination of whether there is asbestos
present, what type is present and the
determination of how much is present. The
general flow of the analysis is:

(1) Gross examination.

(2) Examination under polarized light on
the stereo microscope.

(3) Examination by phase-polar
illumination on the compound phase -
microscope. .

(4) Determination of species by dispersion
stain. Examination by Becke line analysis
may also be used; however, this is usually
more cumbersome for ashestos
determination.

(5) Difficult samples may need to be
analyzed by SEM or TEM, or the results from
those techniques combined with light
microscopy for a definitive identification.
Identification of a particle as asbestos
requires that it be asbestiform. Description of
particles should follow the suggestion of
Campbell. (Figure 1) i

BILLING COCE 4510-26-P
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SINGLE-CRYSTAL CRYSTAL~AGGREGATE
SHAPES PATTERNS OR ARRANGEMENTS

Figure 1. Particle definitions showing mineral growth habits.
From the U.S. Bureau of Mines

BILLING CODE 4510-26-C
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For the purpose of regulation', the mineral .
must be one of the six minerals covered and
must be in the asbestos growth habit. Large

_specimen samples of asbestos generally have

the gross dppearance of wood. Fibers are
easily parted from it. Asbestos fibers are very
long compared with their widths. The fibers
have a very high tensile strength as
demonstrated by bending without breaking.

. Asbestos fibers exist in bundles that are

easily parted, show longitudinal fine
structure and may be tufted at the ends
showmg “bundle of sticks" morphology. In
the microscope some of these properties may
not be observable. Amphiboles do not always
show striations along their length even when
they are asbestos. Neither will they always
show tufting. They generally do not show a
curved nature except for very long fibers.

. Asbestos and asbestiform minerals are

usually characterized in groups by extremely

. high aspect ratios (greater than 100:1). While

aspect ratio analysis is useful for
characterizing populations of fibers, it cannot
be used to identify individual fibers of

" intermediate to short aspect ratio.
“Observation of many fibers is often necessary

to determine whether a sample consists of
“cleavage fragments” or of asbestos fibers.
Most cleavage fragments of the asbestos

. ‘minerals are easily distinguishable from true

asbestos fibers. This is because true cleavage

fragments usually have larger diameters than .

1 pm. Internal structure of particles larger
than this usually shows them to have no
internal fibrillar structure. In addition,
cleavage fragments of the monoclinic

--dmphiboles show inclined extinction under
" crossed polars with no compensator.

"Asbestos fibers usually show extinction at

zero degrees or ambiguous extinction if any
at all. Morphologically, the larger cleavage
fragments are cbvious by their blunt or

stepped ends showing prismatic habit. Also,

they tend to be acicular rather than filiform.

Where the particles are less than 1 pm in
diameter and have an aspect ratio greater
than or equal to 3:1, it is recommended that

"the sample be analyzed by SEM or TEM if

there is any question whether the fibers are '
cleavage fragments or asbestiform particles.

* Caré must be taken when analyzing by
electron microscopy because the
interferences are different from those in light

_. microscopy and may structurally be very
similar to asbestos. The classic interference is

between anthophyllite and biopyribole or
intermediate fiber. Use the same

morphological clues for electron microscopy
“as are used for light microscopy, e.g. fibril

splitting, internal longitudinal striation,
fraying, curvature, etc. ‘
(1) Gross examination:

. - -Examine the sample, preferably in the glass :
vxal Determine the presence of any obvious

fibrous component. Estimate a percentage -
based on previous experience and current .

. observation. Determine whether any pre-

preparation is necessary. Determine the

" number of phases present. This step may be..
" ‘carried ot or augmented by observation at 6
.t0 40x under a stereo microscope.

-(2) After performing any necessary pre-
preparation, prepare slides of each phase as
described above. Two preparations of the -
same phase in the same index medium can .

be made side-by-side on the same glass for
convenience. Examine with the polarizing
stereo microscope. Estimate the percentage of
asbestos based on the amount of birefringent
fiber present.

(3) Examine the slides on the phase-polar
microscopes at magnifications of 160 and
400x. Note the morphology of the fibers.
Long, thin, very straight fibers with little
curvature are indicative of fibers from the
amphibole family. Curved, wavy fibers are
usually indicative of chrysotile, Estimate the
percentage of asbestos on the phase-polar
microscope under conditions of crossed
polars and a gypsum plate. Fibers smaller
than 1.0 pm in thickness must be identified
by inference to the presence of larger,
identifiable fibers and morphology. If no
larger fibers are visible, electron microscopy

" should be performed. At this point, only a

tentative identification can be made. Full
identification must be made with dispersion

“microscopy. Details of the tests are included

in the appendices.

(4) Once fibers have been determined to be
present, they must be identified. Adjust the
microscope for dispersion mode and observe
the fibers. The microscope has a rotating
stage, one polarizing element, and a system
for generating dark-field dispersion
microscopy (see Section 4.6. of this
appendix). Align a fiber with its length
parallel to the polarizer and note the color of
the Becke lines. Rotate the stage to bring the ,
fiber length perpendicular to the polarizer
and note the color. Repeat this process for
every fiber or fiber bundle examined. The
colors must be consistent with the colors
generated by standard asbestos reference
materials for a positive identification. In
n=1:550, amphiboles will generally show a
yellow to straw-yellow color indicating that

* the fiber indices of refraction are higher than

the liquid. If long, thin fibers are noted and
the colors are yellow, prepare further slides
as above in the suggested matching liquids

listed below:

' Type of asbestos

Index of refraction
Chrysotile ........... S n=1.550.

"Amosite ....... ... N=1.670r 1.680.

- Crocidolite .. n=1.690.
Anthophylhte n=1.605 nd 1.620.
Tremolite ..... n=1.605 and 1.620.
Actinolite ................... n=1.620.

Where more than one liquid is suggested,
the first is preferred; however, in some cases
this liquid will not give good dispersion
color. Take care to avoid interferences in the
other liquid; e.g., wollastonite in n=1.620
will give the same colors as tremolite. In
n=1.605 wollastonite will appear yellow in

‘all directions. Wollastonite may be

determined under crossed polars as it will
change from blue to yellow as it is rotated
along its fiber axis by tapping on the cover *

slip. Asbestos mirerals will not change in
“this way.

Determination of the angle of extinction
may, when present; aid in the determination

-of anthophyllite from tremolite. True

asbestos fibers usually have 0° extinction or

* ambiguous extinction, while cleavage

fragrents have more definite extinction.

Continue analysis until both preparations
have been examined and all present species
of asbestos are identified. If there are no
fibers present, or there is less than 0.1%
present, end the analysis with the minimum
number of slides (2).

(5) Some fibers have a coating on them
which makes dispersion microscopy very
difficult or impossible. Becke line analysis or
electron microscopy may be performed in
those cases. Determine the percentage by
light microscopy. TEM analysis tends to
overestimate the actual percentage present.

(6) Percentage determination is an estimate
of occluded area, tempered by gross
observation. Gross observation information is
used to make sure that the high magnification
microscopy does not greatly over- or under-
estimate the amount of fiber present. This
part of the analysis requires a great deal of
experience. Satisfactory models for asbestos
content analysis have not yet been -
developed, although some models based on
metallurgical grain-size determination have
found some utility. Estimation is more easﬂy
handled in situations where the grain sizes
visible at about 160x are about the same and
the sample is relatively homogeneous.

View all of the area under the cover slip
to make the percentage determination. View
the fields while moving the stége, paying
attention to the clumps of material. These are
not usually the best areas to perform
dispersion microscopy because of the
interference from other materials. But, they
are the areas most likely to represent the
accurate percentage mthe sample. Small
amounts of asbestos require slower scanning
and more frequent analysis of individual
fields.

Report the area occluded by asbestos as the
concentration. This estimate does not
generally take into consideration the
difference in density of the different species
present in the sample. For most samples this
is adequate. Simulation studies with similar
materials must be carried out to apply
microvisual estimation for that purpose and
is beyond the scope of this procedure.

(7) Where successive concentrations have
been made by chemical or.physical means,

[

- the amount reported is the percentage of the

material in the “as submitted” or original

state. The percentage determined by

microscopy is multiplied by the fractions
remaining after pre-preparation steps to give
the percentage in the original sample. For
example

Step 1. 60% remains after heating at 550 °C
for1 h.

Step 2. 30% of the residue of step 1 remains
after dissolution of carbonate in0.1'm
HCL

Step 3. Microvisual estimation determines
that 5% of the sample is chrysotile
asbestos.

The reported result is: .
R=(Microvisual result in percent)x{Fraction - '

remaining after step 2)x(Fraction
remaining of original sample after step 1).

R =(5)x(.30)x(.60)=0.9%

(8) Report the percent and type of asbestos
present. For samples where asbestos was -
identified, but is less than 1.0%, report
“Asbestos present, less than 1.0%."” There

piter,
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must have been at least two observed fibers
or fiber bundles in the two preparations to be
reported as present. For samples where
asbestos was not seen, report as *“None
Detected.”

Auxiliary Information

Because of the subjective nature of asbestos
analysis, certain concepts and procedures
need to be discussed in more depth. This
information will help the analyst understand

why some of the procedures are carried out
the way they are.

4.1. Light

Light is electromagnetic energy. It travels
from its source in packets called quanta, It is
instructive to consider light as a plane wave.
The light has a direction of travel.
Perpendicular to this and mutually
perpendicular to each other, are two vector
components. One is the magnetic vector and
the other is the electric vector. We shall only
be concerned with the electric vector. In this
description, the interaction of the vector and
the mineral will describe all the observable
phenomena. From a light source such a
microscope illuminator, light travels in all
different direction from the filament.

In any given direction away from the
filament, the electric vector is perpendicular
to the direction of travel of a light ray. While
perpendicular, its orientation is random
about the travel axis. If the electric vectors
-from all the light rays were lined up by
passing the light through a filter that would
only let light rays with electric vectors
oriented in one direction pass, the light-
would then be-POLARIZED.

Polarized light interacts with matter in the
direction of the electric vector. This is the
polarization direction. Using this property it
" is possible to use polarized light to probe
different materials and identify them by how
they interact with light. The speed of light in
a vacuum is a constant at about 2.99x108 m/
s. When light travels in different materials
such as air, water, minerals or oil, it does not
travel at this speed. It travels slower. This
slowing is a function of both the material
through which the light is traveling and the
wavelength or frequency of the light. In
general, the more dense the material, the
slower the light travels. Also, generally, the
higher the frequency, the slower the light
will travel. The ratio of the speed of light in
a vacuum to that in a material is called the
index of refraction (n). 1t is usually measured
at 589 nm (the sodium D line). If white light
(light containing all the visible wavelengths)
travels through a material, rays of longer
wavelengths will travel faster than those of
shorter wavelengths, this separation is called
dispersion. Dispersion is used as an identifier
of materials as described in Section 4.6.

4.2, Material Properties

Materials are either amorphous or
crystalline. The difference between these two
descriptions depends’ on the positions of the
atoms in them. The atoms in amorphous
materials are randomly arranged with no long
range order. An example of an amorphous
material is glass. The atoms in crystalline
materials, on the other hand, are in regular
arrays and have long range order. Most of the
atoms can be found in highly predictable

locations. Examples of crystalline material
are salt, gold, and the asbestos minerals.

It is beyond the scope of this method to
describe the different types of crystalline
materials that can be found, or the full
description of the classes into which they can
fall. However, some general crystallography
is provided below to give a foundation to the
procedures described.

With the exception of anthophyllite, all the
asbestos minerals belong to the mogoclinic .
crystal type. The unit cell is the basic
repeating unit of the crystal and for -
monoclinic crystals can be described as
having three unequal sides, two 90° angles
and one angle not equal to 90°. The
orthorhombic group, of which anthophyllite
is a member has three unequal sides and
three 90° angles. The unequal sides are a
consequence of the complexity of fitting the
different atoms into the unit cell. Although
the atoms are in a regular array, that array is
not symmetrical in all directions. There is
long range order in the three major directions
of the crystal. However, the order is different
in each of the three directions. This has the
effect that the index of refraction is different
in each of the three directions. Using
polarized light, we can investigate the index
of refraction in each of the directions and
identify the mineral or material under
investigation. The indices a, B, and yare used
to identify the lowest, middle, and highest
index of refraction respectively. The x
direction, associated with a is called the fast
axis. Conversely, the z direction is associated

- with yand is the slow direction. Crocidolite

has a along the fiber length making it
“length-fast”. The remainder of the asbestos
minerals have the y axis along the fiber
length. They are called “length-slow”. This
orientation to fiber length is used to aid in
the identification of asbestos.

4.3. Polarized Light Technique

Polarized light microscopy as described in
this section uses the phase-polar microscope
described in Section 3.2. A phase contrast
microscope is fitted with two polarizing
elements, one below and one above the
sample. The polarizers have their
polarization directions at right angles to each
other. Depending on the tests performed,
there may be a compensator between these
two polarizing elements. A compensator is a
piece of mineral with known properties that
“compensates’” for some deficiency in the
optical train. Light emerging from a
polarizing element has its electric vector
pointing in the polarization direction of the
element. The light will not be subsequently
transmitted through a second element set at
a right angle to the first element. Unless the
light is altered as it passes from one element
to the other, there is no transmission of light.

4.4. Angle of Extinction

Crystals which have different crystal
regularity in two or three main directions are
said to be anisotropic. They have a different
index of refraction in each of the main
directions. When such a crystal is inserted
between the crossed polars, the field of view
is no longer dark but shows the crystal in
color. The color depends on the properties of
the crystal. The light acts as if it travels
through the crystal along the optical axes. If

a crystal optical axis were lined up along one
of the polarizing directions (either the
polarizer or the analyzer) the light would
appear to travel only in that direction, and

it would blink out or go dark. The difference
in degrees between the fiber direction and
the angle at which it blinks out is called the
angle of extinction. When this angle can be
measured, it is useful in identifying the
mineral. The procedure for measuring the
angle of extinction is to first identify the
polarization direction in the microscope. A
commercial alignment slide can be used to
establish the polarization directions or use
anthophyllite or another suitable mineral.
This mineral has a zero degree angle of
extinction and will go dark to extinction as

it aligns with the polarization directions.

.,When a fiber of anthophyllite has gone to

extinction, align the eyepiece reticle or
graticule with the fiber so that there is a
visual cue as to te direction of polarization.
in the field of view. Tape or otherwise secure
the eyepiece in this position so it will not
shift.

After the polarization direction has been
identified in the field of view, move the
particle of interest to the center of the field
of view and align it with the polarization
direction. For fibers, align the fiber along this
direction. Note the angular reading of the
rotating stage. Looking at the particle, rotate
the stage until the fiber goes dark or “blinks
out”. Again note the reading of the stage. The
difference in the first reading and the second
is an angle of extinction.

The angle measured may vary as the
orientation of the fiber changes about its long
axis. Tables of mineralogical data usually
report the maximum angle of extinction.
Asbestos forming minerals, when they
exhibit an angle of extinction, usually do
show an angle of extinction close to the
reported maximum, or as appropriate
depending on the substitution chemistry.

4.5. Crossed Polars With Compensator

When the optical axes of a crystal are not
lined up along one of the polarizing
directions (either the polarizer or the .
analyzer) part of the light travels along one '
axis and part travels along the other visible
axis. This is characteristic of birefringent
materials.

The color'depends on the difference of the
two visible indices of refraction and the
thickness of the crystal. The maximum
difference available is the difference between
the o and the y axes. This maximum
difference is usually tabulated as the
birefringence of the crystal.

For this test, align the fiber at 45° to the
polarization directions in order to maximize
the contribution to each of the optical axes.
The colors seen are called retardation colors.
They arise from the recombination of light
which has traveled through the two separate
directions of the crystal. One of the rays is
retarded behind the other since the light in
that direction travels slower. On
recombination, some of the colors which
make up white light are enhanced by
constructive interference and some are
suppressed by destructive interference. The
result is a color dependent on the difference
between the indices and the thickness of the
crystal. The proper colors, thicknesses, and
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retardations are shown on a Michel-Levy .

chart. The three items, retardation, thlckness ‘

‘and birefringence are related by the following
»relatxonshlp Iy
= t(ny_(x) :
'R = retardation, t = crystal thickness in um,
and :
ay = indices of refractlon

-Examination of the equation for asbestos
minerals reveals that the visible colors for
almost all common asbestos minerals and
fiber sizes are shades of gray and black. The
eye is relatively poor at discriminating
different shades of gray. It is very good at
discriminating different colors. In order to
compensate for the low retardation, a
compensator is added to the light train
between the polarization elements. The
compensator used for this test is a gypsum
plate of known thickness and birefringence.
Such a compensator when oriented at 45° to
the polarizer direction, provides a retardation
of 530 nm of the 330 nm wavelength color.
_This enhances the red color and gives the °
background a characteristic red to red-
magenta color. If this “full-wave”
compensator is'in place when the asbestos -
preparation is inserted into the light train,
the colors seen on the fibers are quite
different. Gypsum, like asbestos has a fast
axis and a slow axis. When a fiber'is aligned
- with its fast axis in the same direction as the
fast axis of the gypsum plate, the ray
vibrating in the slow direction is retarded by
both the asbestos and the gypsum. This

- results in a higher retardation than would be

present for either of the two minerals. The
color seen is a second order blue. When the
fiber is rotated 90° using the rotating stage, -
* the slow direction of the fiber is now aligned
with the fast direction of the gypsum and the
fast direction of the fiber is aligned with the
slow direction of the gypsum. Thus, one ray
vibrates faster in the fast direction of the ~
gypsum, and slower in the slow direction of
. the fiber; the other ray will vibrate siower in
the slow direction of the gypsum and faster
in the fast direction of the fiber. In this case,
* the effect is subtractive and the color seen is
a first order yellow. As long as the fiber,
* thickness does not add appreciably to the ,:
color, the same basic colors will be seen for
. all asbestos types except crocidolite. In

.. crocidalite the colors will be weaker, may he .

in the opposite directions, and will be altered
by the blue absorption color natural to "~
crocidolite. Hundreds of other materials will

o give the same colors as asbestos, and ~

 thérefore, this test is not definitive for - -~
- asbestos. The test is useful in discriminating
against fiberglass or other amorphous ﬁbers
" such as some:synthetic fibers. Certain .
. synthetic fibers will show retardation colors-
: different than ashestos; however, there are

- colors similar to asbestos minerals. This test .

must be supplemented with a positive

‘identification test when birefringent fibers

" are preseént which can not be excluded by’

" morphology. This test is relatxvely ineffective

- foruse on fibers-less than 1 pm in diameter.

i For positive confirmation TEM or SEM -
..should be used if no larger bundles or ﬁbets .

.-,arev1stble . T

Q
4.6. Dispersion Staining

Dispersion microscopy or dispersion
staining is the method of choice for the
identification of asbestos in bulk materials.
Becke line analysis is used by some
laboratories and yields the same results as
does dispersion staining for asbestos and can
be used in lieu of dispersion staining.
Dispersion staining is performed on the same
platform as the phase-polar analysis with the
analyzer and compensator removed. One
polarizing element remains to define the
direction of the light so that the different
indices of refraction of the fibers may be
separately determined. Dispersion
microscopy is a dark-field technique when
used for asbestos. Particles are imaged with

.scattered light. Light which is unscattered is

blocked from reaching the eye either by the
back field image mask in a McCrone objective
or a back field image mask in the phase
condenser. The most convenient method is to
use the rotating phase condenser to move an
oversized phase ring into place. The ideal
size for this ring is for the central disk to be
just larger than the objective entry aperture
as viewed in the back focal plane. The larger
the disk, the less scattered light reaches the
eye. This will have the effect of diminishing:

_ the intensity of dispersion color and will

shift the actual color seen. The colors seea
vary even on microscopes from the same

" manufacturer. This is due to the different

bands of wavelength exclusion by different
mask sizes. The mask may either reside in -
the condenser or in the objective back focal
plane. It is imperative that the analyst
determine by experimentation with asbestos
standards what the appropriate colors should
be for each asbestos type. The colors depend -
also on the temperature of the preparation
and the exact chemistry of the asbestos..
Therefore, some sliglit differences from the
standards should be allowed. This is nota
serious problem for commercial asbestos.

" uses. This technique is used for identification

of the indices of refraction for fibers by

recognition of color. There is no direct

numerical readout of the index of refraction.

- Correlation of color to actual index of

refraction is possible by referral to published

: conversion tables. This is not necessary for

the analysis of asbestos. Recognition of

. appropriate colors along with the proper
_morphology are deemed sufficient to identify

the commiercial asbestos minerals. Other
techniques including SEM, TEM, and XRD
may be required to provide additional
information in order to identify other types
of asbestos.

- Make a preparation in the suspected
matching high dispersion oil, e.g., n=1.550
for chrysotile. Perform the preliminary tests .

‘to determine whether the fibers are

birefringent or;not. Take note of the

. _morphological character. Wavy fibers are

indicative of chrysotile while long, straight,
thin, ‘frayed fibers are indicative of

" amphibolé asbestos. This can aid in the .

selection of the appropriate matching oil. The
microscope is set up and the polarization

-.direction is noted as in Section 4.4. Align a
fiber with the polarization direction. Note the’
: color. This is the color parallel to the
. polarizer. Then rotate the fiber rotating the:

stage 90° sa that the polarization direction is.

across the fiber. This is the perpendicular -
position. Again note the color. Both colors
must be consistent'with standard asbestos -
minerals in the correct direction for a

positive identification of asbestos. If only one’
of the colors is correct while the other is not,
the identification is not positive. If the colors
in both directions are bluish-white, the
analyst has chosen a matching index oil
which is higher than the correct matching oil,
e.g. the analyst has used n = 1.620 where
chrysotile is present. The next lower oil
(Section 3.5.) should be used to prepare
another specimen. If the color in both
directions is yellow-white to straw-yellow-
white, this indicates that the index of the oil
is lower than the index of the fiber, e.g. the
preparation is in n = 1.550 while
anthophyllite is present. Select the next
higher oil (Section 3.5.} and prepare another '’
slide. Continue in this fashion until'a
positive identification of all asbestos species
present has been made or all possible
asbestos species have been ruled out by
negative results in this test. Certain plant
fibers can have similar dispersion colors as
asbestos. Take care to note and evaluate the '
morphology of the fibers or remove the plant
fibers in pre-preparation. Coating material on
the fibers such as carbonate or vinyl may

. destroy the dispersion color. Usually, there °

will be some outcropping of fiber which will
show the colors sufficient for identification.
When this is not the case, treat the sample
as described in Section 3.3. and then perform -
dlspersion staining. Some samples will yield

.to Bécke line analysis if they are coated or

electron microscopy can be used for .
identification.
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Appendix L to § 1915.1001—Work

" Practices and Engineering Controls for
Automotive Brake and Clutch
Inspection, Disassembly, Repair.and
Assembly—Mandatory © -

This mandatory appendix specifies
engineering controls and work practices that
must be implemented by the employer
during automotive brake and clutch
inspection, disassembly, repair, and
assembly operations. Proper use of these
‘engineering controls and work practices will
reduce employees’ asbestos exposure below
the permissible exposure level during clutch
and brake inspection, disassembly, repair,
and assembly operatlons The employer shall
institute engmeermg controls and work
practices using either the method set forth in’
paragraph [A] or paragraph [B] of this
appendix, or any other method which the
employer can demonstrate to be equivalent in
terms of reducing employee exposure to
asbestos as defined and which meets the
requirements described in paragraph [C] of
this appendix, for those facilities in which no
more than 5 pairs of brakes or 5 clutches are
inspected, disassembled, reassembled and/or
repaired per week, the method set forth in
paragraph [D] of this appendix may be used:

[A} Negative Pressure Enclosure/HEPA
Vacuum System Method

{1) The brake and clutch mspectlon
disassembly, repair, and assembly operations
shall be enclosed to cover and contain the
clutch or brake assembly and to prevent the
release of asbestos fibers into the worker’s
breathing zone.

(2) The enclosure shall be sealed tightly
and thoroughly inspected for leaks before
work begins on brake and clutch lnspectlon,
disassembly, repair, and assembly.

(3) The enclosure shall be such that the
worker can clearly see the operation and
shall provide inipermeable sleeves through
which the worker can handle the brake and
clutch inspection, disassembly, repair and
assembly. The integrity of the sleeves and

_ports shall be examined before work begins.

(4) A HEPA-filtered vacuum shall be
employed to maintain the enclosure under
negative pressure throughout the operation.
Compressed-air may be used to remove
asbestos fibers or partrcles from the
enclosure.

(5) The HEPA vacuum shall he used first
to loosen the asbestos containing residue
from the brake and clutch parts and then to
evacuate the loosened asbestos containing
material from the eniclosure and capture the
material in the vacuum filter.

(6) The vacuum’s filter, when full, shall be
first wetted with a fine mist of water, then
removed and placed immediately in an’
impermeable container, labeled according to
paragraph (j)(2)(ii) of this section and.
disposed of according to paragraph (k) of this
section,

(7) Any spills or releases of asbestos
containing waste material from inside of the
enclosure or vactum hose or vacuum filter
shall be immediately cleaned up and
disposed of according to paragraph (k) of the
section. -

{B] Low Pressure/Wet Cleaning Method

(1) A catch basin shall be placed under the
brake assembly, positioned to avoid splashes
and spills.

(2) The reservoir shall comam water .
containing an organic sglvent or wetting
agent. The flow of liquid shall be controlled
such that the brake assembly is gently
flooded to prevent the asbestos-containing
brake dust from becoming airborne.

(3) The aqueous solution shall be allowed
to flow between the brake drum and brake
support before the drum is removed.-

(4) After removing the brake drum, the
wheel hub and back of the brake assembly
shall be thoroughly wetted to suppress dust.

(5) The brake support plate, brake shoes
and brake components used to attach the
brake shoes shall be thoroughly washed
before removing the old shoes.

(6) In systems using filters, the filters,
when full, shall be first wetted with a fine
mist of water, then removed and placed
immediately in an impermeable container,
labeled according to paragraph (j){2)(ii) of
this section and disposed of according to
paragraph (k) of this section.

(7) Any spills of asbestos-containing

" aqueous solution or any asbestos-containing

waste material shall be cleaned up
immediately and disposed of according to
paragraph (k) of this section.

(8) The use of dry brushing d‘irrrng low
pressure/wet cleaning operatlons is
prohrbnted

[C] Equivalent Methods

An equivalent method is one which has
sufficient written detail so that it can be
reproduced and has been demonstrated that
the exposures resulting from the equivalent
method are equal to or less than the
exposures which would result from the use
of the method described in paragraph [A] of
this appendix. For purposes of making this
comparison, the employer shall assume that
exposures resulting from the use of the
method described in paragraph [A] of this
appendix shall not exceed 0.004 f/cc, as
measured by the OSHA reference method
and as averaged over at least 18 personal
samples.

{D} Wet Method
(1) A spray bottle, hose nozzle, or other

- implement capable of delivering a fine mist
. of water or amended water or other delivery

system capable of delivering water at low
pressure, shall be used to first thoroughly wet
the brake and clutch parts. Brake and clutch
components shall then be wiped clean with
acloth. .

(2) The cloth shall be placed in an
impermeable container, labélled according to
paragraph (j)(2)(ii) of this section and then
disposed of according to paragraph (k) of this
section, or the cloth shall be laundered in a
way to prevent the release of asbestos fibers
in excess of 0.1 fiber per cubic centimeter of
ajr. .

(3) Any spills of solvent or any asbestos
containing waste material shall be cléaned up
immediately according to paragraph (k) of

this section.
(4) The use of dry brushing during the wet

method opérations is prohibited.
Construction

‘1

' PART 1926—[AMENDED]

1. The authiority citation of subpart Z
of 29 CFR part 1926 contmues te read
as follows:

Authority: Sections 6 and 8, Occupational
Safety and Health Act, 29 U.S.C. 655, 657;
Secretary of Labor's Orders Nos. 12-71 (36
FR 8754), 876 (41 FR 25059), 9-83 (48 FR
35736) or 1-90 (55 FR 9033) as applicable;
and 29 CFR part 1911,

Section 1926.1102 not issued under 29
U.S.C. 655 or 29 CFR part 1911; also issued
under 5 U.S.C. 653.

Section 1926.1103 through 1926.1118 also
issued under 29 U.S.C. 6653.

Section 1926.1128 also issued under 29
U.S.C. 653.

Section 1926.1145 and 1926.1147 also
issued under 29 U.S.C. 653.

Section 1926.1148 also issued under 29
U.S.C. 653.

2. Section 1926.58 Asbestos, "
tremolite, anthophyllite, and actinolite
is redesignated as §1926.1101 Asbestos
and § 1926.58 is reserved.

3.'Section 1926.1101 is amended by
revising the section heading and’
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paragraphs (a) through (p) (all the text
preceding the appendices) and by
adding paragraph (g) to read as follows:

§1926. 1101 Asbestos.

(a) Scope and application. This
section regulates asbestos exposure in
all work as defined in 29 CFR
1910.12(b), including but not limited to
the following:

(1) Demolition or salvage of structures
where asbestos is present; '

(2) Removal or encapsulation of
materials containing asbestos;

(3) Construction, alteration, repair,
maintenance, or renovation of
structures, substrates, or portions
thereof that contain asbestos;

* (4) Installation of products containing
asbestos;

(5) Asbestos spxll/emergency cleanup;
and

(6) Transportation, disposal, storage,
containment of and housekeeping
" activities involving asbestos or products
containing asbestos, on the site or
location at which construction activities
are performed.

{7) Coverage under this standard shall
be based on the nature of the work
operation involving asbestos exposure.

(b) Definitions.

- Aggressive method means removal or
disturbance of building material by
sanding, abrading, grinding or other
method that breaks, crumbles, or -
disintegrates intact ACM.

Amended water means water to which
surfactant (wetting agent) has been
added to increase the ability of the
liquid to penetrate ACM.

Asbestos includes chrysotile, amosite,
crocidolite, tremolite asbestos,
anthophyllite asbestos, actinolite
asbestos, and any of these minerals that
has been chemically treated and/or
altered. For purposes of this standard,
“‘asbestos” includes PACM, as defined
below.

Asbestos-containing material (ACM),
means any material containing more
than one percent asbestos.

Assistant Secretary means the
Assistant Secretary of Labor for
Occupational Safety and Health, U.S.
Department of Labor, or designee.

Authorized person means any person
authorized by the employer and
required by work duties to be present in
regulated areas.

Building/facility owner is the legal
entity, including a lessee, which
- exercises contro] over management and
record keeping functions relating to a
building and/or facility in which"
activities covered by this standard take
place.

- Certified Industrial Hyglemst (CIH)
means one certified in the .-

~

comprehensive practice of industrial
hygiene by the American Board of
Industrial Hygiene.

Class I asbestos work means activities
involving the removal of TSI and
surfacing ACM and PACM.

Class II asbestos work means activities
involving the removal of ACM which is
not thermal system insulation or
surfacing material. This includes, but is
not limited to, the removal of asbestos-
containing wallboard, floor tile and

" sheeting, roofing and siding shingles,

and construction mastics.

Class Il asbestos work means repair
and maintenance operations, where
“ACM", including thermal system
insulation and surfacing material, is
likely to be disturbed.

Class IV asbestos work means
maintenarnce and custodial activities
during which employees contact ACM
and PACM and activities to clean up
waste and debris containing ACM and
PACM.

Clean room means an
uncontaminated room having facilities
for the storage of employees’ street
clothing and uncontaminated materials

-and equipment.

Closely resemble means that the major
workplace conditions which have
contributed to the levels of historic
asbestos exposure, are no more
protective than conditions of the current
workplace.

Competent person means, in addition
to the definition in 29 CFR 1926.32 (f),
one who is capable of identifying
existing asbestos hazards in the
workplace and selecting the appropriate
control strategy for asbestos exposure,
who has the authority to take prompt

" corrective measures to eliminate them,

as specified in 29 CFR 1926.32(f): in
addition, for Class I and Class II work
who is specially trained in a training
course which meet the criteria of EPA’s
Model Accreditation Plan (40 CFR 763)
for project designer or supervisor, or its
equivalent and, for Class Il and Class IV
work, who is trained in an operations
and maintenance (O&M) course
developed by EPA [40 CFR 763.92

- (@)2)).

Critical barrier means one or more
layers of plastic sealed over all openings
into a work area or any other similarly
placed physical barrier sufficient to
prevent airborne asbestos in a work area

- from migrating to an adjacent area.

Decontamination area means an
enclosed area adjacent and connected to
the regulated area and consisting of an
equipment room, shower area, and clean
room, which is used for the
decontamination of workers, materials,
and equipment that are contaminated
with asbestos.

. Demolition means the wrecking or
taking out of any load-supporting
structural member and any related
razing, removing, or stripping of
asbestos products.

Director means the Director, National
Institute for Occupational Safety and
Health, U.S. Department of Health and

- Human Services, or designee.

Disturbance means contact which
releases fibers from ACM or PACM or
debris containing ACM or PACM. This
term includes activities that disrupt the
matrix of ACM or PACM, render ACM
or PACM friable, or generate visible
debris. Disturbance includes cutting

" away small amounts of ACM and

PACM, no greater than the amount

" which can be contained in one standard

sized glove bag or waste bag in order to
access a building component. In no

" event shall the amount of ACM or

PACM so disturbed exceed that which
can be contained in one glove bag or
waste bag which shall not exceed 60
inches in length and width.

Employee exposure means that
exposure to airborne asbestos that
would occur if the employee were not
using respiratory protective equipment.

Equipment room (change room)
means a contaminated room located
within the decontamination area that is
supplied with impermeable bags or
containers for the disposal of
contaminated protective clothing and
equipment.

Fiber means a particulate form of
asbestos, 5 micrometers or longer, with

" a length-to-diameter ratio of at least 3 to

' Glovebag means an impervious plastic

- bag-like enclosure affixed around an

asbestos-containing material, with
glove-like appendages through which

" material and tools may be handled.

High-efficiency particulate air (HEPA)
filter means a filter capable of trapping
and retaining at least 99.97 percent of
all mono-dispersed particles of 0.3
micrometers in diameter. -

Homogeneous area means an area of
surfacing material or thermal system
insulation that is uniform in color and
texture.

Industrial hygxemst means a
professional qualified by education,
training, and experience to anticipate, -
recognize, evaluate and develop
controls for occupational health
hazards.

Intact means that the ACM has not

crumbled, been pulvenzed or otherw1se'

deteriorated so that it is no longer hke]y
to be bound with its matrix.
Modification for purposes of

|

|

paragraph (g)(6)(ii), means a changed or '

altered procedure, material or
component of a control system, whlch
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replaces a procedure, material or
component of a required system.
Omitting a procedure or component, or
reducing or diminishing the stringency
or strength of a material or component
of the control system isnota
. "modification” for purposes of
paragraph (g)(6)(ii) of this section.

Negative Initial Exposure Assessment
means a demonstration by the employer,
which complies with the criteria in
paragraph (f)(2)(iii) of this section, that
employee exposure during an operation
is expected to be consistently below the
PELs.

PACM means *presumed asbestos
containing material”.

Presumed Asbestos Containing
Material means thermal system
insulation and surfacing material found
in buildings constructed no later than
1980. The designation of a material as
“PACM"” may be rebutted pursuant to
paragraph (k)(4) of this section.

Project Designer means a person who
has successfully completed the training
requirements for an abatement project
designer established by 40 U.S.C.
§763.90(g).

Regulated area means: an area
established by the employer to
demarcate areas where Class I, 1I, and III
asbestos work is conducted, and any
adjoining area where debris and waste
from such asbestos work accumulate;
and a work area within which airborne
concentrations of asbestos, exceed or
there is a reasonable possibility they
may exceed the permissible exposure
limit. Requirements for regulated areas
are set out in paragraph (e)(6) of this
section.

Removal means all operations where
ACM and/or PACM is taken out or
stripped from structures or substrates,
and includes demolition operations.

Renovation means the modifying of
any existing structure, or portion
thereof.

Repair means overhauling, rebuilding,
reconstructing, or reconditioning of
structures or substrates, including
encapsulation or other repair of ACM or
PACM attached to structures or
substrates.

Surfacing material means material
that is sprayed, troweled-on er
otherwise applied to surfaces (such as

_acoustical plaster on ceilings and
fireproofing materials on structural
members, or other matérials on surfaces
for acoustical, fireproofing, and other
purposes).

Surfacing ACM means surfacing

. material which contmns more than 1%
asbestos.

. Thermal system insulation (TSI}
means. ACM- applied-to pipes, fittings, :
boilers, breeching, tanks, ducts or other

structural components to prevent heat
loss or gain.

Thermal system msulat:on ACMis
thermal system insulation which

- contains more than 1% asbestos.

(c) Permissible exposure limits
(PELS)—(1) Time-weighted average
limit (TWA). The employer shall ensure
that no employee is exposed to an
airborne concentration of asbestos in
excess of 0.1 fiber per cubic centimeter
of air as an eight (8) hour time-weighted
average (TWA), as determined by the
method prescribed in Appendix A of
this section, or by an equivalent
method.

(2) Excursion limit. The employer
shall ensure that no employee is
exposed to an airborne concentration of
asbestos in excess of 1.0 fiber per cubic
centimeter of air (1 f/cc) as averaged
over a sampling period of thirty (30)
minutes, as determined by the method
prescribed in Appendix A of this
section, or by an equivalent method.

(d) Multi-employer worksites. (1) On
multi-employer worksites, an employer
performing work requiring the
establishment of a regulated area shall
inform other employers on the site of
the nature of the employer’s work with
asbestos and/or PACM, of the existence
of and requirements pertaining to
regulated areas, and the measures taken
to ensure that employees of such other
employers are not exposed to asbestos.

(2) Asbestos hazards at a multi-
employer work site shall be abated by
the contractor who created or controls
the source of asbestos contamination.
For example, if there is a significant
breach of an enclosure containing Class
I work, the employer responsible for
erecting the enclosure shall repair the

- breach immediately.

(3) In addition, all employers of
employees exposed to asbestos hazards

shall comply with applicable protective

provisions to protect their employees.
For example, if employees working
immediately adjacent to a Class I
asbestos job are exposed to asbestos due
to the inadequate containment of such
job, their employer shall either remove
the employees from the area until the
enclosure breach is repaired; or perform
an initial exposure assessment pursuant
to (f)(1) of this section.

(4) All employers of employees
working adjacent to regulated areas
established by another employer on a
multi-employer work-site, shall take
steps on a daily basis to ascertain the
integrity of the enclosure and/or the
effectiveness of the control method

- . relied on by the primary asbéstos
- -contractor to assure that asbestos fibers

do not migrate to such adjacent areas.

(5) All general contractors on a
construction project which includes
work covered by this standard shall be
deemed to exercise general supervisory
authority over the work covered by this
standard, even though the general
contractor i$ not qualified to serve as the
asbestos “‘competent person”’ as defined
by paragraph (b) of this section. As
supervisor of the entire project, the
general contractor shall ascertain
whether the asbestos contractor is in
compliance with this standard, and
shall require such contractor to come
into compliance with this standard
when necessary.

(e) Regulat:?areas—(l) AllClass 1, II
and III asbestos work shall be conducted
within regulated areas. All other
operations covered by this standard
shall be conducted within a regulated
area where airborne concentrations of
asbestos exceed, or there is a reasonable
possibility they may exceed a PEL.
Regulated areas shall comply with the
requirements of paragraphs (2), (3),(4)
and (5) of this section.

(2) Demarcation. The regulated area
shall be demarcated in any manner that
minimizes the number of persons
within the area and protects persons
outside the area from exposure to
airborne concentrations of asbestos.
Where critical barriers or negative
pressure enclosures are used, they may
demarcate the regulated area. Signs
shall be provided and displayed
pursuant to the requirements of
paragraph (k)(6) of this section.

(3) Access. Access to regulated areas
shall be limited to authorized persons
and to persons authorized by the Act or
regulations issued pursuant thereto,

4) Respirators. All persons entering a
regulated area where employees are
required pursuant to paragraph (h)(2) of
this section to wear respirators shall be
supplied with a respirator selected in
accordance with paragraph (h)(2) of this
section.

(5) Prohibited activities. The
employer shall ensure that employees
do not eat, drink, smoke, chew tobacco
or gum, or apply cosmetics in the

_regulated area.

6) Competent Persons. The employer
shall ensure that all asbestos work
performed within regulated areas is
supervised by a competent person, as
defined in paragraph (b) of this section.
The duties of the competent person are
set out in paragraph (o) of this section.

(f) Exposure assessments and

: monitoring—(1) General monitoring

critetia. (i) Each employer who hasa
workplace of work operation where

" exposure monitoring is required iinder
‘this section shall perform monitoring to
- determine accurately the airborne
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concentrations of asbestos to which
employees may be exposed.

(1i) Determinations of employee
exposure shall be made from breathing
zone air samples that are representative
of the 8-hour TWA and 30-minute short-

“term exposures of each employee.

(iii) Representative 8-hour TWA
employee exposure shall be determined
on the basis of one or more samples
representing full-shift exposure for
employees in each work area.
Representative 30-minute short-term
employee exposures shall be
determined on the basis of one or more
samples representing 30 minute
exposures associated with operations
that are most likely to produce
exposures above the excursion limit for

-employees in each work area.

(2) Initial Exposure Assessment. (i)
Each employer who has a workplace or
work operation covered by this standard
shall ensure that a “‘competent person”
conducts an exposure assessment
immediately before or at the initiation of
the operation to ascertain expected
exposures during that operation or
workplace.

The assessment must be completed in
time to comply with requirements
which are triggered by exposure data or
the lack of a ‘‘negative exposure
assessment,” and to provide information
necessary to assure that all control
systems planned are appropriate for that’
operation and will work properly.

(ii) Basis of Initial Exposure
Assessment: The initial exposure
assessment shall be based on data
derived from the following sources: (A}
If feasible, the employer shall monitor
employees and base the exposure
assessment on the results of exposure
monitoring which is conducted
pursuant to the criteria in paragraph
(N(2)(iii) of this section.

(B) In addition, the assessnient shall
include consideration of all
observations, information or
calculations which indicate employee
exposure to asbestos, including any
previous monitoring conducted in the
workplace, or of the operations of the
employer which indicate the levels of
airborne asbestos likely to be
encountered on the job. However, the
assessment may conclude that '
exposures are likely to be consistently
below the PELs only as a conclusion of
a “‘negative exposure assessment”
conducted pursuant to (f)(2)(iii) of this
section.

(C) For Class I asbestos work, until the
employer conducts exposure monitoring
and documents that employees on that
job will not be exposed in excess of the
PELs, or otherwise makes a negative
exposure assessment pursuant to

paragraph (£)(2)(iii) of this section, the
employer shall presume that employees
are exposed in excess of the TWA and
excursion limit.

(iii) Negative Exposure Assessment:
For any one specific asbestos job which
will be performed by employees who
have been trained in compliance with
the standard, the employer may
demonstrate that employee exposures
will be below the PELs by data which
conform to the following criteria;

(A) Objective data demonstrating that
the product or material containing
asbestos minerals or the activity
involving such product or material
cannot release airborne fibers in
concentrations exceeding the TWA and.
excursion limit under those work
conditions having the greatest potential
for releasing asbestos; or

(B) Where the employer has
monitored prior asbestos jobs for the
PEL and the excursion limit within 12
months of the current or projected job,
the monitoring and analysis were
performed in compliance with the

. asbestos standard in effect; and the data

were obtained during work operations
conducted under workplace conditions
“closely resembling” the processes, type
of material, control methods, work
practices, and environmental conditions
used and prevailing in the employer’s
current operations, the operations were
conducted by employees whose training
and experience are no more extensive
than that of employees performing the
current job, and these data show that
under the conditions prevailing and
which will prevail in the current
workplace there is a high degree of
certainty that employee exposures will
not exceed the TWA and excursion
limit; or .

(C) The results of initidl exposure
monitoring of the current job made from
breathing zone air samples that are
representative of the 8-hour TWA and
30-minute short-term exposures of each
employee covering operations which are

‘most likely during the performance of

the entire asbestos job to result in
exposures over the PELs.

3) Periodic monitoring. (i) Class I and
II operations. The employer shall
conduct daily monitoring that is
representative of the exposure of each
employee who is assigned to work
within a regulated area who is
performing Class I or II work, unless the
employer pursuant to (f)(2)(iii) of this
section, has made a negative exposure
assessment for the entire operation.

(ii) All operations under the standard
other than Class I and Il operations. The
employer shall conduct periodic
monitoring of all work where exposures
are expected to exceed a PEL, at

intervals sufficient to document the
validity of the exposure prediction.

(iii) Exception: When all employees
required to be monitored daily are
equipped with supplied-air respirators
operated in the positive-pressure mode,
the employer may dispense with the
daily monitoring required by this
paragraph. However, employees
performing Class I work using a control -

- method which is not listed in paragraph

(g)(4) (i), (ii), or (iii) of this section or
using a modification of a listed control ’
method, shall continue to be monitored
daily even if they are equipped with
supplied-air respirators.

(4) (i) Termination of monitéring. If
the periodic monitoring required by
paragraph (f)(3) of this section reveals
that employee exposures, as indicated
by statistically reliable measurement,
are below the permissible exposure
limit and excursion limit the employer
may discontinue monitoring for those
employees whose exposures are
represented by such monitoring.

(ii) Additional monitoring.

- Notwithstanding the provisions of

paragraph (f) (2) and (3), and (f)(4) of

this section, the employer shall institute

the exposure monitoring required under
paragraph (f)(3) of this section whenever
there has been a change in process,
control equipment, personnel or work
practices that may result in new or
additional exposures above the
permissible exposure limit and/or
excursion limit or when the employer
has any reason to suspect that a change
may result in new or additional
exposures above the permissible
exposure limit and/or excursion limit.
Such additional monitoring is required.
regardless of whether a ‘‘negative
exposure assessment’ was previously
produced for a specific job.

(5) Observation of monitoring. (i} The
employer shall provide affected
employees and their designated
representatives an opportunity to
observe any monitoring of employee
exposure to asbestos conducted in
accordance with this section.

(ii) When observation of the
monitoring of employee exposure to
asbestos requires entry into an area
where the use of protective clothing or
equipment is required, the observer
shall be provided with and be required
to use such clothing and equipment and
shall comply with all other applicable
safety and health procedures.

(g) Methods of compliance—(1)
Engineering controls and work practices
for all operations covered by this
section. The employer shall use the
following engineering controls and work
practices in all operations covered by
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this section, regardless of the levels of
exposure: '

8) Vacuum cleaners equipped with
HEPA filters to collect all debris and
dust ¢ontaining ACM or PACM; and,

. (ii) Wet methods, or wetting agents, to
control employee exposures during

- asbestos handling, mixing, removal, -

cutting, application, and cleanup,
except where employers demonstrate
that the use of wet methods is infeasible
due to for example, the creation of
electrical hazards, equipment
malfunction, and, in roofing, slipping
hazards; and

(iii) Prompt clean-up and disposal of-
wastes and debris contaminated with
asbestos in leak-tight containers.

(2) In addition to the requirements of
paragraph [(g}(1) of this section, the
employer shall use the following control
methods to achieve compliance with the
TWA permissible exposure limit and
excursion limit prescribed by paragraph
(c) of this section;

(i) Local exhaust ventilation equipped
with HEPA filter dust collection
systems; .

{ii) Enclosure or isolation of processes
producing asbestos dust;

(iii) Ventilation of the regulated area

to move contaminated air away from the-

breathing zone of employees and toward
a filtration ar collection device
_ equipped with a HEPA filter;

(ivg Use of other work practices and
engineering controls that the Assistant
Secretary can show to be feasible.

(v) Wherever the feasible engineering

. and work practice controls described
above are not sufficient to reduce

. employee exposure to or below the

' permissible exposure limit and/or

, excursion limit prescribed in paragraph

I (c) of this section, the employer shall
use them to reduce employee exposure

to the lowest levels attainable by these

controls and shall supplement them by

the use of respiratory protection that

complies with the requirements of

paragraph (h) of this section. -

(3) Prohibitions. The following work
practices and engineering controls shall
not be used for work related to asbestos
or for wark which disturbs ACM or
PACM, regardless of measured levels of
asbestos exposure or the results of
initial exposure assessments::

(i) High-speed abrasive disc saws that
are not equipped with point of cut
ventilator or enclosures with HEPA
filtered exhaust air.

(ii) Compressed air used to remove
asbestos, or materials containing
asbestos, unless the compressed air is
used in conjunction with an enclosed
ventilation system designed to capture -
the dust cloud created by the
compressed air.

(iii) Dry sweeping, shoveling or other
dry clean-up of dust and debris
containing ACM and PACM.

(iv) Employee rotation as a means of
reducing employee exposure to
asbestos.

(4) Class I Requirements. In addition
to the provisions of paragraphs (g) (1)
and (2) of this section, the following
engineering controls and werk practices
and procedures shall be used.

(i) All Class 1 work, including the
installation and operation of the control
system shall be supervised by a
competent person as defined in
paragraph (b) of this section;

(iiFFor all Class Tjobs involving the
removal of more than 25 linear or 10
square feet of thermal system insulation
or surfacing material; for all other Class
I jobs, where the employer cannot
produce a negative exposure assessment
pursuant to paragraph {f}{2){iii) of this
section, or where employees are
working in areas adjacent to the
regulated area, while the Class 1 work is

being performed, the employer shall use .

one of the folowing methods to ensure
that airborne asbestos does not migrate
from the regulated area: '

(A) Critical barriers shall be placed
over all openings to the regulated area:

or

{(B) The employer shall use another
barrier ar isolation method which
prevents the migration of airborne
asbestos from the regulated area, as
verified by perimeter area surveillance
during each work shift at each boundary
of the regulated area, showing no visible
asbestos dust; and perimeter area
monitoring showing that clearance
levels contained in 40 CFR Part 763,
Subpt. E, of the EPA Asbestos in
Schools Rule are met, or that perimeter
area levels, measured by (PCM) are no
more than background levels
representing the same area before the
asbestos work began. The results of such
manitoring shall be made known to the
employer no later than 24 hours from
the end of the work shift represented by
such monitoring.

(iii) For all Class I jobs, HVAC
systems shall be isolated in the
regulated area by sealing with a double
layer-of 6 mil plastic or the equivalent;

(iv) For all Class I jobs, impermeable
dropcloths shall be placed on surfaces
beneath all removal activity;

(v) For all Class I jobs, al{-objects
within the regulated area shall be
covered with impermeable dropcloths

or plastic sheeting which is secured by -

duct tape or an equivaient.

(vi) For all Class I jobs where the
employer cannot produce a negative
exposure assessment, or where exposure
monitoring shows that a PEL is

exceeded, the employer shall ventilate
the regulated area to move contaminated
air away from the breathing zone of
employees toward a HEPA filtration or
collection device. ’

{5) Specific control methods for Class
I work. In addition, Class I asbestos
work shall be performed using one or
more of the following control methods
pursuant to the limitations stated below:

{i) Negative Pressure Enclosure {NPE)
systems: NPE systems shall be used
where the configuration of the work area
does not make the erection of the
enclosure infeasible, with the following
specifications and work practices. .

(A) Specifications:

(1) The negative pressure enclosure
(NPE) may be of any configuration,

(2) At least 4 air changes per hour
shall be maintained in the NPE,

(3) A minimum of -0.02 column
inches of water pressure differential,
relative to outside pressure, shall be
maintained within the NPE as
evidenced by manometric
measurements, .

(4) The NPE shall be kept under
negative pressure throughout the period
of its use, and

(5) Air movement shall be directed
away from employees performing
asbestos work within the enclosure, and
toward a HEPA filtration or a collection
device.

(B) Work Practices: :

{1) Before beginning work within the
enclosure and at the beginning of each
shift, the NPE shall be inspected for
breaches and smoke-tested for leaks,
and any leaks sealed.

(2) Electrical circuits in the enclosure
shall be deactivated, unless equipped
with ground-fault circuit interrupters.

(ii) Glove bag systems shall be used to
remove PACM and/or ACM from
straight runs of piping with the
following specifications and work
practices.

{A) Specifications:

(1) Glovebags shall be made of 6 mil
thick plastic and shall be seamless at the
bottom. :

(2) [Reserved]

(B) Work Practices: .

(1) Each glovebag shall be installed so
that it completely covers the
circumference of pipe or other structure
where the work is to be done.

(2) Glovebags shall be smoke-tested
for leaks and any leaks sealed prior to
use. :

(3) Glovebags may be used only once
and may not be moved.

(4) Glovebags shall not be used on
surfaces whose temperature exceeds
150°.

(5) Prior to disposal, glovebags shall
be collapsed by removing air within
them using a HEPA vacuum.
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(6) Before beginning the operation,
loose and friable material adjacent to the
glovebag/box operation shall be
wrapped and sealed in two layers of six
mil plastic or otherwise rendered intact,

(7) Where system uses attached waste
bag, such bag shall be connected to
collection bag using hose or other
material which shall withstand pressure
of ACM waste and water without losing
its integrity:

(8) Sliding valve or other device shall
separate waste bag from hose to ensure
no exposure when waste bag is
disconnected:

(9) At least two persons shall perform
Class I glovebag removals.

(iii) Negative Pressure Glove Bag
Systems. Negative pressure glove bag
systems shall be used to remove ACM
or PACM from piping.

. (A) Specifications: In addition to -
specifications for glove bag systems
above, negative pressure glove bag
systems shall attach HEPA vacuum
systems or other devices to bag to
prevent collapse during removal.

(B) Work Practices: (1) The employer
shall comply with the work practices
glove bag systems in paragraph
(g)(5)(ii)(B)(2) of this section.

(2) The HEPA vacuum cleaner or
other device used to prevent collapse of
bag during removal shall run
continually during the operation.

(3) Where a separate waste bag is used
along with a collection bag and '
discarded after one use, the collection
bag may be reused if rinsed clean with
amended water before reuse.

(iv) Negative Pressure Glove Box
Systems: Negative pressure glove boxes
shall be used to remove ACM or PACM
from pipe runs with the following
specifications and work practices.

(A) Specifications:

(1) Glove boxes shall be constructed .
.- with rigid sides and made from metal or

other material which can withstand the -

weight of the ACM and PACM and
water used during removal: :
(2) A negative pressure generator shall
be used to create negative pressure in
.system:
(3) An air filtration unit shall be
attached to the box:
* (4) The box shall be fitted with gloved
" apertures:
(5) An aperture at the base of the box.

"* . shall serve as a bagging outlet for waste

ACM and water: _
(6) A back-up generator shallbe |

" present on site:

(7) Waste bags shall consist of 6 mil .
. thick plastic double-bagged before they
.are filled or plastic thicker than 6 mil. .

(B) Work practices:

(1) At least two persons ‘shall perform

- the removal:

(2} The box shall be smoke tested
prior to each use:

(3) Loose or damaged ACM adjacent
to the box shall be wrapped and sealed
in two layers of 6 mil plastic prior to the
job, or otherwise made intact prior to -
the job.

(4) A HEPA filtration system shall be
used to maintain pressure barrier in box.

(v) Water Spray Process System. A
water spray process system may be used
for removal of ACM and PACM from
cold line piping if, employees carrying
out such process have completed a 40-
hour separate training course in its use,
in addition to training required for
employees performing Class [ work. The
system shall meet the following

specifications and shall be performed by-

employees using the following work
practices.

(A) Specifications:

(1) Piping shall be surrounded on 3
sides by rigid framing, .

(2) A 360 degree water spray,
“delivered through nozzles supplied by a
high pressure separate water line, shall

be formed around the piping.

(3) The spray shall collide to form a
fine aerosol which provides a liquid
barrier between workers and the ACM
and PACM.

(B) Work Practices:

(1) The system shall be run for at least
10 minutes before removal begins.

(2) All removal shall take place within
the water barrier.

(3) The system shall be operated by at
least three persons, one of whom shall
not perform removal, but shall check
equipment, and ensure proper operation
of the system.

(4) After removal, the ACM and
PACM shall be bagged while still inside
the water barrier.

(vi) A small walk-in enclosure which
accommodates no more than two
persons (mini-enclosure) may be used if
the disturbance or removal can be
completely contained by the enclosure
with the following specifications and
work practices.

(A) Specifications:

(1) The fabricated or job- made
enclosure shall be constructed of 6 mil
plastic or equivalent:

{(2) The enclosure shall be placed
under negative pressure by means of a -

. HEPA filtered vacuum or similar

ventilation unit:
(B) Work practices:
(1) Before use, the mlmenclosure shall

" . be inspected for leaks and smoke tested

to detect breaches, and breaches sealed.
(2) Before reuse, the interior shall be

: completely washed with amended water

and HEPA-vacuumed..
(3) During use air movement shall be
directed away from the employee’s

breathing zone within the
minienclosure.

(6) Alternative control methods for
Class I work. Class I work may be
performed using a control method
which is not referenced in paragraph
(g)(5) of this section, or which modifies
a control method referenced in
paragraph (g)(s)of this section, if the
following provisions are complied with:

(i) The control method shall enclose,
contain or isolate the processes or
source of airborne asbestos dust, or
otherwise capture or redirect such dust
before it enters the breathing zone of
employees.

(ii) A certified industrial hygienist or
licensed professional engineer who is
also qualified as a project designer as
defined in paragraph (b) of this section,
shall evaluate the work area, the
projected work practices and the
engineering controls and shall certify in
writing that the planned control method
is adequate to reduce direct and indirect
employee exposure to below the PELs
under worst-case conditions of use, and
that the planned control method will
prevent asbestos contamination outside
the regulated area, as measured by
clearance sampling which meets the
requirements of EPA’s Asbestos in
Schools rule issued under AHERA, or
perimeter monitoring which meets the
criteria in paragraph (g)(4)(i}(B)(2) of
this section.

(A) Where the TSI or surfacing
material to be removed is 25 linear or
10 square feet or less , the evaluation
required in paragraph (g)(6) of this
section may be performed by a
‘“competent person”, and may omit
consideration of perimeter or clearance
monitoring otherwise required.

(B) The evaluation of employee

. exposure required in paragraph (g)(6) of

this section, shall include and be based
on sampling and analytical data
representing employee exposure during
the use of such method under worst-
case conditions and by employees
whose training and experience are
equivalent to employees who are to -
perform the current job.

(iii) Before work which involves the
removal of more than 25 linear or 10
square feet of thermal system insulation
or surfacing material is begun using an
alternative method which has been the
subject of a paragraph (g)(6) required
evaluation and certification, the
employer shall send a copy of such
evaluation and certification to the
national office of OSHA, Office of
Technical Support, Room N3653, 200
Constitution Avenue NW, Washington,
DC 20210,

(7) Work Practices and Engmeermg
Controls for Class II work.-

—
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(i) All Class II work, shall be
supervised by a competent person as
defined in paragraph (b) of this section.’

(ii) For all indoor Class II jobs, where
the employer has not produced a
negative exposure assessment pursuant
to paragraph (f)(4)(iii) of this section, or
where during the job changed
conditions indicate there may be
exposure above the PEL or where the
employer does not remove the ACM in
a substantially intact state, the employer
shall use one of the following methods
to ensure that airborne asbestos does not
migrate from the regulated area;

(A) Critical barriers shall be placed
over all openings to the regulated area;

or,

(B) The employer shall use another
barrier or isolation method which
.prevents the migration of airborne
asbestos from the regulated area, as
verified by perimeter area monitoring or
clearance monitoring which meets the
criteria set out in paragraph
(g)(a)(i)(B}(2) of this section.

(iii) Impermeable dropcloths shall be
placed on surfaces beneath all removal .

activity;

(iv) All Class II asbestos work shall be
performed using the work practices and
requirements set out above in paragraph
{g)(3) (i) through (v) of this section.

(8) Additional Controls for Class II
work. Class II asbestos work shall also
be perfermed by complying with the °
work practices and controls designated
for each type of asbestos work to be

- performed, set out in this paragraph.
Wheré more than one control method
may be used for a type of asbestos work,
the employer may choose one or a
combination of designated control
methods. Class Il work also may be
performed using a method allowed for
Class 1 work, except that glove bags and
glove boxes are allowed if they fully
enclose the Class il m'ateria.l to be
removed.

(i) For removing vmyl and asphalt
flooring materials which contain ACM
or for which in buildings constructed no
later than 1980, the employer has not
verified the absence of ACM pursuant to
paragraph (g)(8)(i)(I) of this section. The
employer shall ensure that employees
comply with the following work
practices and that employees are trained
in these practices pursuant to paragraph
(k)8): -

)(A) Floormg or its backing shall not be

sanded.

(B) Vacuurns equipped with HEPA
filter, disposable dust bag, and metal
floor tool (no brush) shall be used to
clean floors.

{C) Resilient sheeting shall be
removed by cutting with wetting of the
smp point and wetting during

~ delamination. Rip-up of resilient sheet

floor material is prohibited.

(D) All scraping of residual adhesive
and/or backing shall be performed using
wet ;nethods ibited.

(E sweeping is prohibite

(F) ?/lrgchamé)al ghlpglng is prohibited
unless performed in a negative pressure
enclosure which meets the requirements
of paragraph (g)(5){iv) of this section.

F G) Tiles shall be removed intact,
unless the employer demonstrates that
intact removal is not possible.

(H) When tiles are heated and can be
removed intact, wetting may be omitted.

{I) Resilient flooring material
including associated mastic and backing
shall be assumed to be asbestos-
containing unless an industrial
hygienist determines that it is asbestos-
free using recognized analytical
techniques.

(ii) For removing roofing material

- which contains ACM the employer shall

ensure that the following work practices
are followed:

{A) Roofing material shall be removed
in an intact state to the extent feasible.

(B) Wet methods shall be used where’
feasible.

(C) Cutting machines shall be
continuously misted during use, unless
a competent person determines that
misting substantially decreases worker
safety.

(D) All loose dust left by the sawing
operation must be HEPA vacuumed
immediately.

(E) Unwrapped or unbagged roofing
material shall be immediately lowered
to the ground via covered, dust-tight
chute, crane or hoist, of placed in an
impermeable waste bag or wrapped in
plastic sheeting and lowered to ground
no later than the end of the work shift.

{F) Upon being lowered, unwrapped
material shall be transferred to a closed
receptacle in such manner so as to
preclude the dispersion of dust.

(G) Roof level heating and ventilation
air intake sources shall be isolated or
the ventilation system shall be shut

- down.

(iii) When removing cementitious
asbestos-containing siding and shingles
or transite panels containing ACM, the
employer shall ensure that the following
work practices are followed:

(A) Cutting, abrading or breaking
siding, shingles, or transite panels, shall
be prohibited unless the employer can
demonstrate that methods less likely to.
result in asbestos fiber release cannot be
used.

(B) Each panel or shingle shall be .
sprayed with amended water prior to
removal.

(C) Unwrapped or unbagged panels or
shingles shail be immediately lowered

to the ground via covered dust-tight
chute, crane or hoist, or placed in an
impervious waste bag or wrapped in
plastic sheeting and lowered to the
ground no later than the end of the work
shift.

(D) Nails shall be cut with flat, sharp
mstruments

{iv) When removing gaskets
containing ACM, the empioyer shall
ensure that the following work practices
are followed:

(A) If a gasket is visibly deteriorated
and unlikely to be removed intact,
removal shall be undertaken within a

" glovebag as described in paragraph

(g)(5)(ii) of this section.

(B) The gasket shall be thoroughly
wetted with amended water prior to its
removal,

(C) The wet gasket shal] be
immediately placed in a disposal -
container.

(D) Any scraping to remove residue
must be performed wet. .

(v) When performing any other Class
II removal of asbestos containing
material for which specific controls
have not been listed in paragraph
{g)(8)(iv) (A) through {D) of this section,
the employer shall ensure that the
following work practices are complied
with.

(A) The material shall be thoroughly
wetted with amended water prior and
during its removal. '

{B) The material shall be removed in
an intact state unless the employer
demonstrates that intact removal is not
possible.

{C) Cutting, abrading or breaking the
material shall be prohibited unless the
employer can demonstrate that methods
less likely to resuit'in asbestos fiber
release are not feasible.

(D) Asbestos-containing material
removed, shall be immediately bagged
or wrapped, or kept wetted until
transferred to a closed receptacle, no
later than the end of the work shift.

(vi) Alternative Work Practices and
Controls. Instead of the work practices
and controls listed in paragraph (g)(8) (i)

_through (v) of this section, the employer

may use different or modified
engineering and work practice controls
if the following provisions are complied
with.

{A) The employer shall demonstrate
by data representing employee exposure
during the use of such method under
conditions which closely resemble the
conditions under which the method is
to be used, that employee exposure will
not exceed the PELs under any
anticipated circumstances.

(B) A competent person shall evaluate
the work area, the projected work
practices and the engineering controls,
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and shall certlfy in writing, that the
different or modified controls are
adequate to reduce direct and indifect
employee exposire to below the PELs
under all expected conditions of use
and that the method meets the .
requirements of this standard. The
evaluation shall include and be based - -
on data representing employee exposure
during the use of such method under
conditions which closely resemble the
conditions under which the method is
to be used for the current job, and by
employees whose training and-

experience are equivalent to employees .

who are to perform the current job.

(9) Work Practices and Engineering
Controls for Class III asbestos work.
Class IlI'asbestos work shall be
conducted using engineering and work
practice controls which minimize the
- exposure to employees. performing the
asbestos work and to bystander
employees. '

(i) The work shall be performed usmg
wet methods.

-(ii) To the extent feasible, the work

shall be performed using local exhaust e

ventilation.

(iii) Where the disturbance mvolves
drilling, cutting, abrading, sanding,
chipping, breaking, or sawing of thermal

" system insulation or surfacing material,
the employer shall use impermeable
dropcloths, and shall isolate the
operation using mini-enclosures or
glove bag systems pursuant to paragraph
(g)(5) of this section. :

- (iv) Where the employer does not:

produce a “negative exposure .= -
assessment’" for a job, or where
monitoring results show the PEL has
been exceeded, the employer shall
contain the area using impermeable

dropcloths and plastic barriers or their- . -
equivale'nt, or shall isolate the operation.
using a control system listed in and in ::
o complrance with paragraph (g)(5) of thrs

section.-
'(v) Employees-performing Class III

- jobs; which involve the dlsturbanCe of
- thermal system insulation or surfacmg
" material, or where the employer does
not produce a‘“‘negative exposure
assessment’” or where monitoring
results-show a PEL has been exceeded, .
-shall wear respirators which are
selected, used and fitted  pursuant to*
- “provisions of paragraph (h) of thrs '
' section. B
(10) Class IV asbestos work: Class v

asbestos jobs shall be ,conducted by *, .

employees trained pursuant to the
asbestos awareness training program set
out in paragraph (k)(8) of this section. In
addition, all Class IV jobs shallbe. .-
--conducted in conformity with the .

- requiremients set out in paragraph (g)(1)-
“of this section, mandating wet methods, .

Pprovisions of 30 CFR Part 11.
light ﬁttmg powered, air-purifying .

" "respirator in lieu of any negative-
-- pressure respirator specified i in Table 1

" type of respirator; and

HEPA vacuums, and prompt clean up of

‘debris containing ACM or PACM.
(i) Employees cleaning up debris and -

waste in a regulated area where
respirators are required shall wear

- . respirators which are selected, used and,
fitted pursuant to provisions of

paragraph (h) of this section.

(ii) Employers of employees who
clean up waste and debris in, and
employers in control of, areas where
friable thermal system insulation or
surfacing material is accessible, shall

-assume that such waste and debris

contain asbestos.

" (h) Respiratory protection—(1)
General. The employer shall provide
respirators, and ensure that they are
used, where required by this section.
Respirators shall be used in the
following circumstances:

(i) During all Class I asbestos jobs.

(ii) During all Class II work where the
ACM is not removed in a substantially
intact state,

- (iii) During all Class II and Il work
which is not performed using wet
methods.

{iv) During all Class I and lll asbestos
jobs where the employer does not
produce a “negative exposure
assessment”’,

*(v) During all Class III )obs where TSI

* or surfacing ACM or PACM is being

disturbed.
(vi) During all Class IV work

. performed within regulated areas where

employees performing other work are .
required to wear respirators.

- {vii) During all work covered by this
section where employees are exposed

" “above the TWA or excursion limit.

(viii) In emergencies.

(2) Respirator selection. (i) Where
respirators are used, the employer shall
select and provide, at no cost to the  °
employee, the appropriate respirator as

- specified in Table 1 in paragraph -

{h)(2)(iii) of this section, and shall

- ensure that the employee uses the
- Tespirator provided.

{ii) The employer shall select
respirators from among those jointly

- approved as being acceptable for

protection by the Mine Safety and

Health Administration (MSHA) and the '

National Institute for Occupational
Safety and Health (NIOSH) under the.

(iii) The employer shall provide a

whenever:
-(A) An employee chooses to use this

“ {B) This respirator will provide
adequate protection to the employee. .

TABLE 1.—RESPIRATORY. PROTECTION
FOR ASBESTOS FIBERS

Airborne concentra- :

tion of asbestos or
‘conditions of use

Required respirator '

Not in excess of 1§/ -

cc (10 X PEL), or
otherwise as re-

quired independent

of exposure pursu-
antto (h)(2)(iv).

Not in excess of 5 #/
cc (50 X PEL).

’ Not in excess of 10 f/

cc (100 X PEL}.

Half-mask air purify- -
ing respirator other
than a disposable
respirator,
equipped with high
efficiency filters.

Full facepiece air-pu-
rifying respirator
equipped with high
efficiency filters.

Any powered air-puri-
fying respirator

equipped with high -
efficiency filters or
any supplied air
vespirator operated
in continuous flow:
mode. )

Full facepiece sup-
plied air respirator
operated in pres-
sure demand
mode. '

Full facepiece sup-
plied air respirator
operated in pres-
sure demand
mode, equipped
with an auxiliary

- positive pressure
self-contained

breathing appara-
tus.

Not in excess of 100
ficc (1,000 X PEL).

Greater than 100 f/cc
(1,000 X PEL) or
unknown con-
centration.

NOTE: a. Respirators assigned for high envi-
ronmental concentr; s may -be used at

" lower concentrations, or when required res-

pirator use is independent of concentration.

b. A high efficiency filter means a filter that
is at least 99.97 percent efficient against
mono-dispersed particles of 0.3 micrometers -
in diameter or larger.

(iv) In addition to the above selection -
critérion, the employer shall provide a
half-mask air purifying respirator, other -

. than a disposable respirator, equipped -

with high efficiency filters whenever the -
employee performs the following .
activities: Class II and III asbestos jobs

. where the employer does not produce a“

negative exposure assessment; and Class
HI jobs where TSI or surfacing ACM or
PACM is being disturbed.

{v) In addition to the.above selectron
criteria, the employer shall provide a -

" full faceplece supplied air respirator °
- operated in the pressure demand mode
.+ equipped with an auxiliary positive
_+ pressure self-contained breathing :
.- apparatus for all employees within the

regulated area where Class I work is .

,'~ being performed for which a.negative ..
- exposure assessment has not been-
. produced :

3) Respirator program (1) Where'

" respiratory protection is used; the:

employer shall institute a respirator .
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program in accordance with. 29 CFR
1910.134(b), (d), (e), and.(f).

(ii) The employer shall perm1t each
employee who uses a filter respirator to
change the filter elements whenever an
increase in breathing resistance is
detected and shall maintain an adequate
supply ‘of filter elements for this
purpose.

(i1i) Employees who wear resplrators
shall be permitted to leave work areas
to wash their faces and respirator
facepieces whenever necessary to
prevent skin irritation associated with
respirator use.

(iv) No employee shall be assigned to
tasks requiring the use of respirators if,
based on his or her most recent
examination, an examining physician
determines that the employee will be
unable to function normally wearing a

_Tespirator, or that the safety or health of
the employee or of other employees will
be impaired by the use of a respirator.
Such employee shall be assigned to -
another job or ~glven the opportunity to
transfer to a different position the duties
of which he or she is able to perform
with the same employer, in the same
geographical area, and with the same
seniority, status, and rate of pay and
other job benefits he or she had just
prior to such transfer, if such a different
position is available.

(4) Respirator fit testing. (i) The
employer shall ensure that the respirator
issued to the employee exhibits the least
possible faceplece leakage and that the
respirator is fitted properly.

(ii) Employers shall perform either
quantitative or qualitative face fit tests
at the time of initial fitting and at least
every 6 months thereafter for each
employee wearing a negative-pressure
respirator. The qualitative fit tests may
be used only for testing the fit of half-
mask respirators where they are
permitted to be worn, or of full-

‘facepiece air purifying respirators where
they are worn at levels at which half-
facepiece air purifying respirators are
permitted. Qualitative and quantitative
fit tests shall be conducted in A
accordance with Appendix C. The tests
shall be used to select facepieces that
provide the required protection as
prescribed in Table 1 in paragraph
(h)(2)(iii) of this section.

(i) Protective clothing—(1) General.
The employer shall provide and require
the use of protective clothing, such as
coveralls or similar whole-body
clothing, head coverings gloves, and
foot coverings for any employee
exposed to airborne concentrations of
asbestos that exceed the TWA and/or
excursion limit prescribed in paragraph
(c) of this section, or for whicha |
required negative exposure assessment

is not préduced, and for any employee
performing Class I operations which

“involve the removal of over 25 linear or

10 square feet of TSI or surfacing ACM
and PACM.

(2) Laundering. (i) The employer shall
ensure that laundering of contaminated
clothing is done so as to prevent the
release of airborne asbestgs in excess of
the TWA or excursion limit prescnbed
in paragraph (c) of this section.

(P i) Any employer who gives -

- contaminated clothing to another person

for laundering shall inform such person
of the requirement in paragraph (i)(2)(i)
of this section to effectively prevent the
release of airborne asbestos in excess of
the TWA and excursion limit prescribed
in paragraph (c) of this section.

(g) Contaminated clothing.
Contaminated clothing shall be

-transported in sealed impermeable bags,

or other closed, impermeable
containers, and be labeled in accordance
with paragraph (k) of this section.

(4) Inspection of protective clothmg
(i) The competent person shall examine
worksuits worn by employees at least
once per workshift for rips or tears that
may occur during performance of work.

(11)) When rips or tears are detected
while an employee is working, rips and
tears shall be immediately mended, or
the worksuit shall be 1mmedlately

. re})laced

) Hygiene facilities and practices for
employees. (1) Requirements for
employees performing Class I asbestos
jobs involving over 25 linear or 10
square feet of Tsi or surfacmg ACM and
PACM.

(i) Decontamination areas: the
employer shall establish a
decontamination area that is adjacent
and connected to the regulated area for
the decontamination of such-employees.
The decontamination area shall consist
of an equipment room, shower area, and
clean room in series. The employer shall
ensure that employees enter and exit the
regulated area through the .
decontamination area.

(A) Equipment room. The equ1pment
room shall be supplied with
impermeable, labeled bags and
containers for the containment and
disposal of contaminated protective
equipment.

(B) Shower area. Shower facilities
shall be provided which comply with 29
CFR 1910.141(d)(3), unless the
employer can demonstrate that they are
not feasible. The showers shall be
adjacent both to the equipment room
and the clean room, unless the employer
can demonstrate that this location is not
feasible.

Where the employer-can demonstrate
that it is not feasible ta locate the

"shower between the equipment room

and the clean room, or where the work
is performed outdoors, the employers
shall ensure that employees: .

(1) Remove asbestos contamination
from their worksuits in the equipment .
room using a HEPA vacuum before
proceeding to a shower that is not
adjacent to the work area; or -

(2) Remove their contaminated
worksuits in the equipment room, then
don clean worksuits, and proceed to a
shower that is not adjacent to the work
area. : )

(C) Clean change room. The clean
room shall be equipped with a locker or
appropriate storage container for each
employee’s use. When the employer can
demonstrate that it is not feasible to
provide a clean change area adjacent to
the work area or where the work is
performed outdoors, the employer may
permit employees engaged in Class I
asbestos jobs to clean their protective
clothing with a portable HEPA-
equipped vacuum before such
employees leave the regulated area.
Such employees however must then
change into street clothing in clean
change areas provided by the employer
which otherwise meet the requirements
of this section.

(ii) Decontamination area entry
procedures. The employer shall ensure -
that employees:

(A) Enter the decontammatlon area

“through the clean room;

(B) Remove and deposit street
clothing within a locker provided for
their use; and . - .

(C) Put on protective clothing and
respiratory protection before.leaving the

‘clean room.

(D) Before entermg the regulated area,
the employer shall ensure that
employees pass through the eqmpment

" room.

(iii) Decontamination area exit
procedures. The employer shall ensure
that:

(A) Before leavirig the regulated area,
employees shall remove all gross
contamination and debris from their
protective clothing.

(B) Employees shall remove their
protective clothing in the equipment’
room and deposit the clothing in labeled
impermeable bags or containers.

(C) Employees shall not remove their
respirators in the equipment room.

(D) Employees shall shower prior to
entering the clean room.

(E) After showering, employees shall
enter the clean room before changing
into street clothes.

(iv) Lunch Areas. Whenever food or
beverages are consumed at the worksite
where employees are performing Class I
asbestas work, the employer shall
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provide lunch areas in which the
airborne concentrations of asbestos are
below the permissible exposure limit
and/or excursion limit.

(2) Requirements for Class I work
involving less than 25 linear or 10
square feet of TSI or surfacing ACM and
PACM, and for Class II and Class III
asbestos work operations where
exposures exceed a PEL or where there
is no negative exposure assessment
produced before the operation.

(i) The employer shall establish an
equipment room or area that is adjacent
to the regulated area for the
decontamination of employees and their
equipment which is contaminated with
asbestos which shall consist of an area
covered by a impermeable drop cloth on
the floor or horizontal working surface.

(ii) The area must be of sufficient size
as to accommodate cleamng of
equipment and removing personal
protective equipment without spreading
contamination beyond the area (as
determined by visible accumulations).

(iii) Workclothing must be cleaned
with a HEPA vacuum before it is
removed.

(iv) All equipment and surfaces of
containers filled with ACM must be
cleaned prior to removing them from the
equipment room or area. -

(v) The employer shall ensure that
employees enter and exit the regulated
area through’ the equipment room or
area.

(3) Requirements for Class IV work.
Employers shall ensure that employees
performing Class IV work within a
regulated area comply with the hygiene
practice required of employees
performing work which has a higher
classification within that regulated area.
Otherwise employers of employees
cleaning up debris and material which
is TSI or surfacing ACM or identified as
PACM shall provide decontamination
facilities for such employees which are
required by paragraph (§)(2) of this
section.

(4) Smoking in work areas. The
employer shall ensure that employees
do not smoke in work areas where they
are occupationally exposed to asbestos
because of activities in that work area.

(k) Communication of hazards. NOTE:
This section applies to the
cominunication of information
concerning asbestos hazards in
construction activities to facilitate
compliance with this standard. Most
asbestos-related construction activities
involve previously installed building
materials. Building owners often are the
only and/or best sources of information
concerning them, Therefore, they, along
with employers of potentially exposed
employees, are assrgned specific '

information conveying and retefition
duties under this section. Installed
Asbestos Containing Building Material.
Employers and building owners are
required to treat TSI and sprayed or
troweled on surfacing materials in
buildings as asbestos-containing, unless
they determine in compliance with
paragraph (k)(4) of this section that the
material is not asbestos-containing.
Asphalt and vinyl flooring material

.installed no later than 1980 must also be

considered as asbestos containing
unless the employer, pursuant to
paragraph (g) of this section determines
that it is not asbestos-containing. If the
employer/building owner has actual
knowledge, or should have known
through the exercise of due diligence,
that other materials are asbestos-

.containing, they too must be treated as

such. When communicating information

-to employees pursuant to this standard,

owners and employers shall identify
“PACM" as ACM. Additional
requirements relating to communication
of asbestos work on multi-employer

worksites are set out in paragraph (d) of -

this section.

(1) Duties of building and facility .
owners. (i) Before work subject to this
standard is begun, building and facility
owners shall identify the presence,
location and quantity of ACM, and/or
PACM at the work site. All thermal
system insulation and sprayed on or
troweled on surfacing m2aterials in
buildings or substrates constructed no

" later than 1980 shall also be identified

as asbestos-containing. In addition
resilient flooring material installed not

t 198 1 i i .
later than 1980 shall also be identified " work Site, within 24 hours of the

as asbestos-containing.
(ii) Building and/or facility owners
shall notify the following persons of the

presence, location and quantity of ACM

or PACM, at the work sites in their
buildings and facilities. Notification
either shall be in writing, or shall
consist of a personal communication
between the owner and the person to
whom notification must be given or
their authorized representatives:

(A) Prospective employers applying or
bidding for work whose employees
reasonably can be expected to work in
or adjacent to areas containing such
material;

(B) Employees of the owner who will
work in or adjacent to areas containing

. such material:

(C) On multi-employer worksites, all
employers of employees who will be .
performing work within or adjacent to .
areas containing such materials;. ,

(D) Tenants who will occupy areas

. containing such material.

(2) Duties of employers whose
employees perform work subject to this

standard in or adjacent to areas
containing ACM and PACM. Building/
facility owners whose employees
perform such work shall comply with
these provisions to the extent
applicable.

8) Before work in areas containing -
ACM and PACM is begun; employers
shall identify the presence, location,
and quantity of ACM, and/or PACM
therein.

(ii) Before work under this standard is
performed employers of employees who
will perform such work shall inform the
following persons of the location and
quantity of ACM and/or PACM present
in the area and the precautions to be
taken to insure that airborne asbestos is
confined to the area.

(A) Owners of the building/facility;

(B) Employees who will perform such
work and employers of employees who
work and/or will be working in adjacent
areas.

(iii) Within 10 days of the completion
of such work, the employer whose
employees have performed work subject
to this standard, shall inform the
building/facility owner and employers
of employees who will be working in
the area of the current location and
quantity of PACM and/or ACM
remaining in the area and final
monitoring results, if any.

(3) In addition to the above
requirements, all employers who
discover ACM and/or PACM on a
worksite shall convey information .
concerning the presence, location and

~ quantity of such newly discovered ACM
and/or PACM to the owner and to other .

employers of employees working at the

discovery. '

(4) Criteria to rebut the designation of
installed material as PACM. (i) At any
time, an employer and/or building
owner may demonstrate, for purposes of
this standard, that PACM does not
contain asbestos. Building owners and/
or employers are not required to-
communicate information about the
presence of building material for which
such a demonstration pursuant to the
requirements of paragraph (k)(4)(ii) of
this section has been made. However, in
all such cases, the information, data and
analysis supporting the determination
that PACM does not contain asbestos,
shall be retained pursuant to. paragraph ‘

. (n) of this section.

(ii) An employer or owner may
demonstrate that PACM does not .
contain asbestos by the following: (A)-

- Having an completed inspection
~ conducted pursuant to the requirements .

of AHERA (40 CFR Part 763, Subparf E)
which demonstrates that the material is

. not ACM;
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(B) Performing tests of the material
eontaining PACM which demonstrate
that no asbestos is present in the
material. Such tests shall include
analysis of 3 bulk samples of each

homogeneous area of PACM collected in

a randomly distributed manner. The
tests, evaluation and sample collection
shall be conducted by an accredited
inspector or by a CIH. Analysis of
samples shall be performed by persons
or laboratories with proficiency
demonstrated by current successful
participation in a nationally recognized
testing program such as the National .
Voluntary Laboratory Accreditation
Program (NVLAP) of the National
Institute for Standards and Technology
(NIST) of the Round Robin for bulk
samples administered by the American
Industrial Hygiene Association (AIHA)
or an equivalent nationally-recognized
round robin testing program.

(5) At the entrance to mechanical
rooms/areas in which employees
reasonably can be expected to enter and
which contain thermal system
insulation and surfacing ACM/PACM,
the building owner shall post signs
which identify the material which is
present, its location, and appropriate
work practices which, if followed, will
ensure that ACM and/or PACM will not
be disturbed.

(6) Signs. (i) Warning signs that
demarcate the regulated area shall be
provided and dlsplayed at each location
where a regulated area is required to be
established by paragraph (e) of this
section. Signs shall be posted at such a
distance from such a location that an
employee may read the signs and take
necessary protective steps before
entering the area marked by the signs.

(ii) The warning signs required by
(k)(6) of this section shall bear the
following information.

DANGER
ASBESTOS
CANCER AND LUNG DISEASE HAZARD
. AUTHORIZED PERSONNEL ONLY
RESPIRATORS AND PROTECTION
CLOTHING ARE REQUIRED IN THIS
AREA

(7) Labels. (i) Labels shall be affixed
to all products containing asbestos and
to all containers containing such
products, including waste containers.
Where feasible, installed asbestos
products shall contain a visible label.

(ii) Labels shall be printed in large, . . .
bold letters on a contrastmg
background fe b

. (iii) Labels shall be used in

‘ accordance with the requiréments of 29 .
CFR 1910.1200(f) of OSHA's Hazard

Communication standard, and shall
contain the following information: -

"DANGER
CONTAINS ASBESTOS FIBERS
AVOID CREATING DUST
CANCER AND LUNG DISEASE HAZARD

(iv) [Reserved)

(v) Labels shall contain a warning
statement against breathing asbestos
fibers.

(vi) The provisions for labels required
by paragraphs (k)(2)(1) through (k)(2)(iii)
do not apply where:

(A) Asbestos fibers have been
modified by a bonding agent, coating,
binder, or other material, provided that
the manufacturer can demonstrate that,
during any reasonably foreseeable use,
handling, storage, disposal, processing,
or transportation, no airborne
concentrations of asbestos fibers in
excess of the permissible exposure limit
and/or excursion limit will be released,

r

(B) Asbestos is present in a product in
concentrations less than 1.0 percent by
weight,

(vii) When a building owner/or
employer identifies previously installed
PACM and/or ACM, labels or signs shall
be affixed. or posted so that employees
will be notified of what materials
contain PACM and/or ACM. The

. employer shall attach such labels in

areas where they will clearly be noticed
by employees who are likely to be
exposed, such as at the entrance to
mechanical room/areas. Signs required
by paragraph (k)(5) of this section may
be posted in lieu of labels so long as
they contain information required for
labelling.

{8) Employee information and
training. (i) The employer shall, at no
cost to the employee, institute a training
program for all employees who install
asbestos containing products and for all
employees who perform Class I through
IV asbestos operations, and shall ensure
their participation in the program.

(ii) Training shall be provided prior to
or at the time of initial assignment and
al least annually thereafter.

{iii) Training for Class I and II

- operations shall be the equivalent in

curriculum, training method and length
to the EPA Model Accreditation Plan
(MAP) asbestos abatement worker
training (40 CFR Part 763, Subpart E,
Appendix C.). For employers whose
Class II work with asbestos-containing
material involves only the removal and/
or disturbance of one generic category of
building material, such as roofing
materials, floonng materials, siding
materials or transite panels; mstead St
.such employer is required to‘train
employees who perform such work by

providing a training course which
includes as a minimum all the elements
included in paragraph (k)(8)(vi) of this
section and in addition, the specific
work practices and engineering controls
set forth in paragraph (g) which

-specifically relate to that category. Such

course shall include “hands-on”
training and shall take at least 8 hours,
(iv) Training for Class Ill employees
shall be the equivalent in curriculum
and training method to the 16-hour
Operations and Maintenance course
developed by EPA for maintenance and
custodial workers who conduct
activities that will result in the
disturbance of ACM. [See 40 CFR
763.92(a)(2)]). Such course shall include
‘“hands-on” training in the use of

_respiratory protection and work

practices and shall take at least 16
hours.

(v) Training for employees performing
Class IV operations shall be the
equivalent in curriculum and training
method to the awareness training course
developed by EPA for maintenance and
custodial workers who work in
buildings containing asbestos-
containing material. (See 40 CFR 763.92
(a)(1)). Such course shall include
available information concerning the-
locations of PACM and ACM, and
asbestos-containing flooring material, or
flooring material where the absence of
asbestos has not been certified; and
instruction in recognition of damage,
deterioration, and delamination of
asbestos containing building materials.
Such a course shall take at least 2 hours.

(vi) The training program shall be
conducted in a manner that the
employee is able to understand. In
addition to the content required b: :
provisions in paragraph (k)(8)(iii) of- t}ns
section, the employer shall ensure that
each such employee is mformed of the
following:

{A) Methods of recognizing asbestos,
including the requirement in paragraph
(k)(1) of this section to presume that
certain building materials contain
asbestos;

(B) The health effects associated with
asbestos exposure;

(C) The relationship between smoking -
and asbestos in producing lung cancer;
(D) The nature of operations that
could result in exposure to asbestos, the

importance of necessary protective
controls to minimize exposure
including, as applicable, engineering
controls, work practices, respirators,
housekeeping procedures; hygiene

* facilities, protective clothing,
- decontamination procedures, emergency

procedures, and waste disposal

-procedures, and any necessary

instruction in the use of these controls i
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and procedures; including where Class
111 and IV work is performed, the
contents of ‘‘Managing Asbestos In Place
(EPA 20T-2003, July 1990) or its
equivalent in content. '

(E) The purpose, proper.use, fitting
instructions, and limitations of .
respirators as required by 26 CFR
1510.134;

(F) The appropriate work practices for
performing the asbestos job;

(G) Medical surveillance program
requirements; and

H) The content of this standard.
including appendices.

(1) The names, addresses and phone

numbers of public health organizations

which provide information, materials
and/or conduct programs concerning
smoking cessation. The employer may
distribute the list of such organizations
contained in Appendix J to this section,
to comply with this requirement.

(J) The requirements for posting signs
and affixing labels and the meaning of
the required legends for such signs and
labels.

(9) Access to training materials. (i)
The employer shall make readily

available to affected employees without

cost, written materials relating to the
employee training program, including a
copy of this regulation.

81) The employer shall provide to the
Assistant Secretary and the Director,
upon request, all information and
training materials relating to the
employee information and training
prograin,

(iii) The employer shall inform all
employees concerning the availability of
self-help smoking cessation program
material. Upon employee request, the
employer shall distribute such material.
consisting of NIH Publication No, 89~
1647, or equivalent self-help material,
which is approved or published by a
public health organization listed in
ApFendix ] to this section.

) Housekeeping—(1) Vacuuming.
Where vacuuming methods are selected,
HEPA filtered vacuuming equipment
must be used. The equipment shall be

" used and emptied in a manner that
minimizes the reentry of asbestos.into
the workplace.

(2) Waste disposal. Asbestos waste,
scrap, debris, bags, containers,
equipment, and contaminated clothing
consigned for disposal shall be collected
and disposed of in sealed, labeled,
imperimeable bags or other closed.
labeled, impermeable containers.

(3) Care of asbestos-containing
flooring material. (i) All vinyl and
asphalt flooring material shall be
maintained in accordance with this
paragraph unless the building/facility
owner demonstrates, pursuant to -

paragraph (g) of this section that the
flooring does not contain asbestos.
(i) Sanding of flooring material is

- prohibited. -

(ii) Stripping of finishes shall be
conducted using low abrasion pads at
speed lower than 300 rpm and wet

“methods.

(iii) Burnishing or dry buffing may be
performed only on flooring which has
sufficient finish so that the pad cannot
contact the flooring material.

(4) Dust and debris in an area
containing accessible thermal system
insulation or surfacing material or
visibly deteriorated ACM:

(i) shall not be dusted or swept dry,
or vacuumed without using a HEPA
filter;

(ii) shall be promptly clean up and
disposed in leak tight containers.

(m) Medical surveillance—(1)
General—(i) Employees covered. The
ernployer shall institute a medical
surveillance program for all employees
who for a combined total of 30 or more
days per year are engaged in Class 1, II
and III work or are exposed at or above
the permissible exposure limit or
excursion Jimit, and for employees who
wear negative pressure respirators
pursuant to the requirements of this

section.

(ii) Examination by a physician. (A)
The employer shall ensure that all
medical examinations and procedures
are performed by or under the
supervision of a licensed physician, and
are provided at no cost to the employee
and at a reasonable time and place.

(B) Persons other than such licensed
physicians who administer the’
pulmonary function testing required by
this section shall complete a training
course in spirometry sponsored by an
appropriate academic or professional
institution.

(2) Medical examinations and
consultations-(i) Frequency. The
employer shall make available medical
examinations and consultations to each
employee covered under paragraph
(m)(1)(i) of this section on the following
schedules:

(A) Prior to assignment of the
employee to an area where negative-
pressure respirators are worn,

(B) When the employee is assigned to
an area where exposure to asbestos may
be at or above the permissible exposure
for 30 or more days per year, a medical
examination must be given within 10
working days following the thirtieth day
of exposure; )

(C) And at least annually thereafter.

(D) If the examining physician
determines that any of the examinations
should be provided more frequently
than specified, the employer shall

provide such examinations to affected
employees at the frequencies specified
by the physician.

(E) Exception: No medical
examination is required of any
employee if adequate records show that
the employee has been examined in
accordance with this paragraph within
the past 1-year period.

(ii) Content. Medical examinations
made available pursuant to paragraphs
(m)(2)(i)(A) through (m)(2)(i)(C) of this

~section shall include:

(A) A medical and work history with
special emphasis directed to the
pulmonary, cardiovascular, and
gastrointestinal systems.

(B) On initial examination, the
standardized questionnaire contained in
Part 1 of Appendix D to this section,
and, on annual examination, the
abbreviated standardized questionnaire
contained in Part 2 of Appendix D.to
this section. _

(C) A physical examination directed
to the pulmonary and gastrointestinal
systems, including a chest
roentgenogram to be administered at the
discretion of the physician, and
pulmonary function tests of forced vital
capacity (FVC) and forced expiratory
volume at one second (FEV(1)).
Interpretation and classification of chest
shall be conducted in accordance with
Appendix E to this section.

(D) Any other examinations or tests
deemed necessary by the examining
physician.

(3) Information provided to the
physician. The employer shall provide
the following information to the
examining physician:

(i) A copy of this standard and
Appendices D, E, G, and 1 to this
section;

(ii) A description of the affected
employee’s duties as they relate to the
employee’s exposure; |

(iii) The employee’s representative
exposure level or anticipated exposure
level;

(iv) A description of any personal
protective and respiratory equipment
used or to be used; and

(v) Information from previous medical
examinations of the affected employee
that is not otherwise available to the
examining physician.

(4) Physician’s written opinion. (i)
The employer shall obtain a written
opinion from the examining physician.
This written opinion shall contain the
results of the medical examination and
shall include:

(A) The physician’s opinion as to
whether the employee has any detected
medical conditions that would place the
employee atan increased risk of
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material health impairment from
exposure to asbestos;

F B) Any recommended limitations on
the employee or on the use of personal
protective equipment such as
respirators; and

(C) A statement that the employee has
been infornied by the physician of the
results of the medical examination and
of any medical conditions that may
result from asbestos exposure.

(D) A statement that the employee has
been informed by the physician of the
increased risk of lung cancer
attributable to the combined effect of
. smoking and asbestos exposure.

(ii) 'The'employer shall instruct the
physician not to reveal in the written
opinion given to the employer specific
findings or diagnoses unrelated to
occupational exposure to asbestos.

(iii gThe employer shall provide a
copy of the physician’s written opinion
to the affected employee within 30 days
. from its receipt.

(n) Recordkeepmg-—(l) Objective data
relied on pursuant to paragraph (f) to
this section. (i) Where the employer has
- relied on objective data that
demonstrate that products made from or
containing asbestos are not capable of
réleasing fibers of asbestos in '
concentrations at or above the
permissible exposure limit and/or
excursion limit under the expected
conditions of processing, use, or
handling to satisfy the requirements of
paragraph (f), the employer shall
establish and maintain an accurate
record of objective data reasonably
- relied upon in support of the

exemption. :

(ii) The record shall include at least
the following information:

(A) The product quahfymg for
exemption;

(B) The source of the ob]ecnve data

(C) The testing protocol, results of
testing, and/or analysis of the material
for the release of asbestos;

(D) A description of the operation
exempted and how the data support the
exemption; and

(E) Other data relevant to the
operations, materials, processing, or
employee exposures covered by the
exemption.

(iii) The employer shall maintain this
record for the duration of the employer’s
reliance upon such objective data.

(2) Exposure measurements. (i) The
employer shall keep an accurate record
of all measurements taken to monitor
employee exposure to asbestos as
prescribed in paragraph (f) of this
section. NOTE: The employer may
utilize the services of competent
organizations such as industry trade

associations and employee associations .

to maintain the records required by this
section.

(ii) This record shall include at least
the following information:

(A) The date of measurement;

(B) The operation involving exposure
to asbestos that is being monitored;

(C) Sampling and analytical methods
used and evidence of their accuracy;

(D) Number, duration, and results of
samples taken;

(E) Type of protective devices worn,
ifany; and

(F) Name, social security number, and
exposure of the employees whose
exposures are represented.

(iii) The employer shall maintain this
record for at least thirty (30) years, in -
accordance with 29 CFR 1910.20.

(3) Medical surveillance. (i) The
employer shall establish and maintain
an accurate record for each employee
subject to medical surveillance by
paragraph {m) of this section, in
accordance with 29 CFR 1910.20.

(ii) The record shall include at least
the following information:

(A) The name and social security
number of the employee;

(B) A copy of the employee’s medical
examination results, including the
medical history, questionnaire

. responses, results of any tests, and

physician’s recommendations.

(C) Physician’s written opinions;

(D) Any employee medical complaints
related to exposure to asbestos; and

(E) A copy of the information
provided to the physician as required by
paragraph (m) of this section.

(iii) The employer shall ensure that
this record is maintained for the
duration of employment plus thirty (30)
years, in accordence with 29 CFR
1910.20.

(4) Training records The employer

- shall maintain all employee training

records for one 1 year beyond the last
date of employment by that employer.

(5) Data to Rebut PACM. Where the
building owner and employer have
relied on data to demonstrate that
PACM is not asbestos-containing, such °
data shall be maintained far as long as
they are relied upon to rebut the
presumption.

(6) Records of Required Notifications.
Where the building owner has
communicated and received
information concerning the
identification, location and quantity of
ACM and PACM, written records of
such notifications and their content
shall be maintained by the building
owner for the duration of ownership
and shall be transferred to successive
owners of such buildings/facilities.

(7) Availability. (i) The employer,
upon.written request, shall make all

records required to be maintained by
this section available to the Assistant
Secretary and the Director for
examination and copying.

(ii) The employer, upon request, shall
make any exposure records required by
paragraphs (f) and (n] of this section
available for examination and copying
to affected employees, former
employees, designated representatives
and the Assistant Secretary, in
accordance with 29 CFR 1910.20(a)
through (e) and (g) through (i).

(iii) The employer, upon request, shall
make employee medical records
required by paragraphs (m) and (n) of
this section available for examination
and copying to the subject emplcyee,
anyone having the specific written
consent of the subject employee, and the
Assistant Secretary, in accordance with
29 CFR 1910.20.

(8) Transfer of records. (i) The
employer shall comply with the
requirements concerning transfer of
records set forth in 29 CFR 1910.20 (h).

(ii) Whenever the employer ceases to
do business and there is no successor
employer to receive and retain the
records for the prescribed period, the
employer shall notify the Director at
least 90 days prior'to disposal and, upon
request, transmit them to the Director.

(o) Competent person—{1) General.
On all construction worksites covered
by this standard, the employer shall
designate a competent person, having
the qualifications and authorities for
ensuring worker safety and ‘health
required by Subpart C, General Safety
and Health Provisions for Construction
(29 CFR 1926.20 through 1926.32).

(2) Required Inspections by the
Competent Person. Section
1926.20(b)(2) which requires health and
safety prevention programs to provide ~
for frequent and regular inspections of
the job sites, materials, and equipment
to be made by competent persons, is
incorporated.

(3) Additional Inspections. In
addition, the competent person shall
make frequent and regular inspections
of the job sites, in order to perform the
duties set out below in paragraph
(p)(3)(1) and (ii) of this section. For Class
I jobs, on-site inspections shall be made
at least once during each work shift, and
at any time at employee request. For
Class 11 and 11I jobs, on-site inspections
shall be made at intervals sufficient to
assess whether conditions have
changed, and at any reasonable time at
employee request.

(i) On all worksites where employees
are engaged in Class I or 1I asbestos
work, the competent person designated
in accordance with paragraph (g)(1) of d
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this section shall perform or supervise
the following duties, as applicable:

(A) Set up the regulates area,
enclosure, or other containment;

(B) Ensure (by on-site mspectlon] the
integrity of the enclosure or
containment;

(C) Set up procedures to control entry
to and exit from the enclosure and/or
area;

(D) Supervise all employee exposure
monitoring required by this section and
ensure that it is conducted as required

by paragraph (f} of this section;

(E) Ensure that employees workmg
within the enclosure and/or using glove
bags wear protective clothing and
respirators as required by paragraphs (h)
and (i) of this section;

(F) Ensure through on-site
supervision, that employees set up and
remove engineering controls, use work
practices and personal protective:
equipment in compliance with all
requirements;

?G) Ensure that employees use the
hygiene facilities and observe the
decontamination procedures specified
in paragraph (j) of this section;

H) Ensure L{lat though on-site
inspection engineering controls are
functioning properly and employees are
using proper work practices; and,

(I) Ensure that notification
requirement in paragraph (f)(6) of this
section are met.

(4) Training for the competent person.
(i) For Class I, and II asbestos work the
competent person shall be trained in all
aspects of asbestos removal and
handling, including: abatement,
installation, removal and handling; the

. contents of this standard; the

identification of asbestos; removal
procedures, where appropriate; and
ather practices for reducing the hazard.
Such training shall be obtained in a
comprehensive course for supervisors,
such as a course conducted by an EPA
or state-approved training provider,
certified by the EPA or a State, or an
course equivalent in strmgency, content
and length.

(ii) For Class HII and IV asbestos work,
the competent person shall be trained in
aspects of asbestos handling appropriate
for the nature of the work, to include
procedures for setting up glove bags and
mini-enclosures, practices for reducing
asbestos exposures, use of wet methods,

. the contents of this standard, and the

identification of asbestos. Such training
shall include successful completion of a
course equivalent in, curriculum and
training method to the 16-hour

Operations and Maintenance. course

developed by EPA for maintenance and

 custodial workeljs,.[SeeAO:GFR o

I

"{Amended]

763.92(a)(2)], or its equivalent in
stringency, content and length.
Competent persons for Class IIl and IV
work, may also be trained pursuant to
the requirements of paragraph (0)(4)(i)
of this section.

(p) Appendices. (1) Appendices A, C,
D, and E to this section are incorporated
as part of this section and the contents
of these appendices are mandatory.

(2) Appendices B, F, H, 1, }, and K to
this section are informational and are
not intended to create any additional
obligations not otherwise imposed or to
detract from any existing obligations.

(q) Dates. (1) This standard shall
become effective October 11, 1994,

(2) The provisions of 29 CFR 1926.58
remain in effect until the start-up dates
of the equivalent provisions of this
standard.

(3) Start-up dates: All obligations of
this standard commence on the effective
date except as follows:

(i) Methods of compliance. The
engineering and work practice controls
required by paragraph (g) of this section
shall be implemented as soon as
possible but no later than April 10,
1995. ’

(ii) Respiratory protection.
Respiratory protection required by -
paragraph (h) of this section shall be
provided as soon as possible but no later
than February 8, 1995.

(iii) Hygiene facilities and practices
for employees. Hygiene facilities and
practices required by paragraph (j) of
this section shall be provided as soon as
possible but no later than February 8,
1995.

{(iv) Communication of hazards.
Identification, notification, labeling and
sign posting, and training required by
paragraph (k) of this section shall be

‘provided as soon as possible, but no

later than April 10, 1995.
(v) Housekeeping. Housekeeping

- practices and controls required by

paragraph (1) of this section shall be
provided as soon as possible, but no
later than January 9, 1995.

(vi) Medical survex]lance required by
paragraph (m) of this section shall be
provided as soon as possible, but no
later than January 9, 1995.

(vii) The de51gnauon and training of
competent persons required by
paragraph (o) of this section shall
completed as soon as possible but no
later than April 10, 1995.

(Approved b)" the Office of Management and
Budget under control number 1218-0133)

Appendix A to § 1926. 1101

4. Appendix A to §1926.1101 is

- -amended by the rev1smg the second '

sentence of the introductory paragraﬁh
to read as follows:

* * * The sampling and analytical
methods described below represent the
elements of the available monitoring methads
(such as Appendix B of this regulation, the
most current version of the OSHA method
ID-160, or the most current version of the
NIOSH Method 7400). * * *

Appendix A to § 1926.1101
[Amended]

5. Paragraph 2. of the section of
Appendix A to § 1926.1101 entitled
Sampling and Analytical Procedure is
amended by adding the following
sentence to the end:

2.* * * Do not reuse or reload cassettes for
asbestos sample collection.
* * * * *

Appendix A to § 1926.1101
[Amended]

6. Paragraph 11 of the section of
Appendix A to § 1926.1101 entitled
Sampling and Analytical Procedure is
revised to read as follows:

* * * * *

11. Each set of samples taken will include
10% field blanks or a minimum of 2 field
blanks. These blanks must come from the
same lot as the filters used for sample
collection. The field blank results shall be
averaged and subtracted from the analytical
results before reporting. A set consists of any
sample or group of samples for which an
evaluation for this standard must be made.
Any samples represented by a field blank .
having a fiber count in excess of the
detection limit of the method being use.’
shall be rejected.

L * * L *

Appendix A t0 § 1926.1101
[Amended]

+7. Paragraph 2 of the section of
Appendix A to § 1926.1101 entitled
Quality Control Procedures is
redesignated as paragraph 2a and by
adding paragraph 2b to read as follows:
* * * * = to

2‘ n ko~ R .

b. All laboratories should also participate
in a national sample testing scheme such as
the Proficiency Analytical Testing Program
(PAT), or the Asbestos Registry sponsored by
the American Industrial Hygiene Association
(AIHA). '

* * * * *

E. Appendix B of § 1926. 1101 is
revised to read as follows

" - Appendix B to § 1926. 1101 Samplln"
. and Analysls. Non-mandatory
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Air -
Matrix:
OSHA Permissible Exposure Limits: : o .
Time Weighted Average .........ccoevvcevnncnan rreeenens b e er bRt e b bR rans 0.1 fiber/cc
EXCUISION LEVE! (B0 MUNUIES) 1eieecereerrreerrenesieairnreosretasnsrasenssssassesmaresesseessanssaresesssssnsessesesssaeseessesesassssnssntassossosasessssinsasasesesanses 1.0 fiber/cc

Collection Procedure:

A known volume of air is drawn through a 25-mm diameter cassette containing a mixed-cellulose ester filtter. The cassette must be equtpped with
an electrically conductive 50-mm extension cow!l. The sampling time and rate are chosen to give a fiber density of between 100 to 1,300 fi-

bers/mm2 on the filter.

Recommended Sampling Rate

Reéommended Air Volumes:
Minimum

Maximum

0.5 to 5.0 liters/
minute (L/min)

25L
2,400 L

Analytical Procedure:

A portion of the sample filter is cleared
and prepared for asbestos fiber counting by
Phase Contrast Microscopy (PCM) at 400X.

Commercial manufacturers and products
mentioned in this method are for descriptive
use only and do not constitute endorsements
by USDOL-OSHA. Similar products from
other sources can be substituted.

1. Introduction

This method describes the collection of
airborne asbestos fibers using calibrated
sampling pumps with mixed-cellulose ester
(MCE) filters and analysis by phase contrast
microscopy (PCM). Some terms used are
unique to this method and are defined below.
Asbestos: A term for naturally occurring
fibrous minerals. Asbestos includes
chrysotile, crocidolite, amosite
(cummingtonite-grunerite asbestos), tremolite
asbestos, actinolite asbestos, anthophyllite
asbestos, and any of these minerals that have
been chemically treated and/or sltered. The
precise chemical formulation of each species
will vary with the:location from which it was
mined. Nominal compositions are listed:

Chrysotile ....... MgaSi;0s(OH)s

Crocidolite ...... NayFe;2*Fex** SizO,:(0H)

Amosite .......... (Mg, Fe);8is02:(0H)2

Tremolite-ac- Ca,(Mg.Fe);Siz022(0H),
tinolite.

Amhophyllite . (Mg.Fc)-;Sistz(oH)z

Asbestos Fiber: A fiber of asbestos which
meets the criteria specified below for a fiber

Aspect Ratio: The ratio of the length of a
fiber to it's dlameler (e.g. 3:1, 5:1 aspect
ratios;.

Cleavage Fragments: Mineral particles
formed by comminution of minerals,
especially those characterized by parallel
sides and a-‘moderate aspect rauo (usually
less than 20:1). .

Detection Limit: The number of fibers

necessary to be 95% certain that the result.is -

greater than zero.
. Differential Counting: The term applied to
the practice of excluding certain kinds of .
fibers from the fiber count because they do
not appear to be asbestos.
Fiber: A particle that is 5 pm or longer,
with a length-to-width ratio of 3 t~ 1 or
longer.

Field: The area within the graticule circle
that is superimposed on the microscope
image.

Set: The samples whxch are taken,
submitted to the laboratory, analyzed, and for
which, interim or final result reports are
generated.

Tremolite, Anthophyllite, and Actinolito:

‘The non-asbestos form 6f these minerals

which meet the definition of a fiber. It
includes any of these minerals that have been

chemically treated and/or altered.

Walton-Beckett Graticule: An eyepiece
graticule specifically designed for asbestos
fiber counting. It consists of a circle with a
projected diameter of 100£2 pm (area of
about 0.00785 mm?) with a crosshair having
tic-marks at 3-um intervals in one direction
and $-pm in the orthogonal direction. There

" are marks around the periphery of the circle

to demonstrate the proper sizes and ehapee
of fibers. This design is reproduced in Flgure
2. The disk is placed in'one of the
microscope eyepieces so that the design is
superimposed on the field of view.

1.1. History
Early surveys to determine asbestos

- exposures were conducted using impinger

counts of total dust with the counts
expressed as million particles per cubic foot.
The British Asbestos Research Council
recommended filter membrane counting in
1969. In July 1969, the Bureau of
Occupational Safety and Health published a
filter membrane method for counting
asbestos fibers in the United States. This
method was refined by NIOSH and published
as P & CAM 239. On May 29, 1971, OSHA
specified filter membrane sampling with
phase contrast counting for evaluation of
asbestos exposures at work sites in the
United States. The use of this technique was
again required by OSHA in 1986. Phase
contrast microscopy has continued to be the
method of choice for the measurement of
occupational exposure to asbestos.

1.2, Pr1nc1ple

Air is drawn through a MCE ﬁlt(.r to
capture airborne asbestos fibers. A wedge.
shaped portion of the filter is removed,
placed on a glass microscope slide and mades
transparent. A measured area (field) is
viewed by PCM. All the fibers meeting a
defined criteria for asbestos are counted and

considered a measure of the airborne asbestos
concentration.

1.3. Advantages and Disadvantages

There are four main advantages of PCM
over other methods:

(1) The technique is specific for fibers.
Phase contrast isa fiber counting technique
which excludes non-fibrous particles from
the analysis.

(2) The technique is inexpensive and does .
not require specialized knowledge to carry
out the analysis for total fiber counts.

(3) The analysis is quick and can be
performed on-site for rapid determination of
air concentrations of asbestos fibers.

(4) The technique has continuity with
historical epidemiological studies so that
estimates of expected disease can be inferred
from long-term determinations of asbestos
exposures.

The main disadvantage of PCM is that it
does not positively identify asbestos fibers.
Other fibers which are not asbestos may be
included in the count unless differential
counting is performed. This requires a great
deal of experience to adequately differentiate
asbestos from non-asbestgs fibers. Positive
identification of asbestos must be performed
by polarized light or electron microscopy
techuiques. A further disadvantage of PCM is
that the smallest visible fibers are about 0.2
wm in diameter while the finest asbestos
fibers may be as small as 0.02 pm in
diameter. For some exposures, substantially
more fibers may be present than are actually
counted.

1.4. Workplace E‘(pocure

‘Asbestos is used by the construction
industry in such products as shingles, floor
tiles, asbestos cement, roofing felts,
insulation and acoustical products. Non-
construction uses include brakes, clutch
facings, paper, paints, plastics, and fabrics.
One of the most significant exposures in the

. workplace is the removal and encapsulation

of asbestos in schools, public buildings, and
homes. Many workers have the potential to
be exposed to asbeslos during these
operations.

About 95% of the asbestos in commerual
use in the United States is chrysotile.
Crocidolite and amosite make up most of the
remainder. Anthovhyllite and tremolite or
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actinolite are likely to be ericountered as
contaminants in various industrial products.

1.5. Physical Properties

Asbestos fiber possesses a high tensile
strength along its axis, is chemically inert,
non-combustible, and heat resistant. It has a
high electrical resistance and good sound
absorbing properties. It can be weaved into
cables, fabrics or other textiles, and also
matted into asbegtos papers, felts, or mats.

2. Range and Detection Limit

2.1. The ideal counting range on the filter
is 100 to 1,300 fibers/mm?2. With a Walton-
Beckett graticule this range is equivalent to
0.8 to 10 fibers/field. Using NIOSH counting
stalistics, a count of 0.8 fibers/field would
give an approximate coefficient of variation
(CV) of 0.13.

2.2. The detection limit for this method is
4.0 fibers per 100 fields or 5.5 fibers/mm?,
This was determined using an equation to
estimate the maximum CV possible at a
specific concentration (95% confidence) and
a Lower Control Limit of zero. The CV value
was then used to determine a corresponding
concentration from historical CV vs fiber
relationships. As an example:

Lower Control Limit (95% Confidence) =
AC—1. 645(CV](AC)

Where:

AC=Estimate of the airborne fiber
concentration (fibers/cc) Setting the
Lower Control Limit= 0 and solving for
CV:

0=AC—1. 645(CV](AC)

CV=0.61

This value was compared with CV vs,

count curves. The count at which CV = 0.61

for Leidel-Busch counting statistics or for an

OSHA Salt Lake Technical Center (OSHA-

SLTC) CV curve (see Appendix A for further

information) was 4.4 fibers or 3.9 fibers per

100 fields, respectively, Although a lower

detection limit of 4 fibers per 100 fields is

supported by the OSHA-SLTC data, both
data sets support the 4. 5 f}bers per 100 fields
value.

3. Method Performanre—l’recmon and
Accuracy .

Precision is dependent upon the total
number of fibers counted and the uniformity
of the fiber distribution on the filter. A
general rule is to count at least 20 and not
more than 100 fields. The count is
discontinued when 100 fibers are counted,
provided that 20 fields have already been
-counted. Counting more than 100 fibers
results in onlye small gain in precision. As
the total count drops below 10 fibers, an
accelerated loss of precision is noted.

At this time, there is no known method to
determine the absolute accuracy of the
asbestos analysis, Results of samples
prepared through the Proficiency Analytical
Testing (PAT) Program and analyzed by the
OSHA-SLTC showed no significant bias
when compared to PAT reference values. The
PAT samples were analyzed from 1987 to
1989 (N=36) and the concentration range was
from 120t01, 300 fibers/mm?2.

4. Interferenres

Fibrous substances, if present, m.ly
interfere with asbestos analysis.

Some common fibers are:

. fiber glass ......c.ccooeune perlite veins
anhydrite plant fi-
bers
YPSUM .ol some synthetic fibers
membrane structures  sponge spicules and
diatoms
microorganisms ........ wollastonite

The use of electron microscopy or optical
tests such as polarized light, and dispersion
staining may bé used to differentiate these

- materials from asbestos when necessary.

5. Sampling
5.1. Equipment

5.1.1. Sample assembly (The assembly is
shown in Figure 3). Conductive filter holder
consisting of a 25-mm diameter, 3-piece
cassette having a 50-mm long electrically
conductive extension cowl.-Backup pad, 25-
mm, cellulose. Membrane filter, mixed-
cellulose ester (MCE), 25-mm, plain, white,
0.8- to 1.2-pm pore size.

Notes:

(a) DO NOT RE-USE CASSETTES.

(b) Fully conductive cassettes are required to
reduce fiber loss to the sides of the
cassette due to electrostatic attraction.

(c) Purchase filters which have been selected
by the manufacturer for asbestos
counting or analyze representative filters
for fiber background before use. Discard
the filter lot if more than 4 fibers/100
fields are found.

(d) To decrease the possibility of
contamination, the sampling system
(filter-backup pad-cassette) for asbestos
is usually preassembled by the
manufacturer.

5.1.2. Gel bands for sealing cassettes.

5.1.3. Sampling pump.

Each pump must be a battery operated,

self-contained unit small enough to be placed .

on the monitored employee and not interfere
with the work being performed. The pump
must be capable of sampling at 2.5 liters per
minute (L/min) for the reqmred sampling
time.

5.1.4. Flexible tubmg. 6-mm bore.

5.1.5, Pump calibration.

Stopwatch and bubble tube/burette or
electronic meter.

5.2. Sampling Procedure

5.2.1. Seal the point where the base and
cowl of each cassette meet (sec Figure 3) wnh
a gel band or tape.

5.2.2. Charge the pumps completely l)efore
beginning,

5.2.3. Connect each pump to a calibration
cassette with an appropriate length of 6-min
bore plastic tubing. Do not use luer
connectors—the type of cassette specified
above has built-in adapters. .

5.2.4. Select an appropriate flow rate for
the situation being monitored. The sampling
flow rate must be between 0.5 and 5.0 L/min
for personal sampling and is commonly set
between 1 and 2 L/min. Always choose a
flow rate that will not produce overloaded
filters.

5.2.5. Calibrate each sampling pump before
and after sampling with a calibration cassette
in-line (Note: This calibration cassette should -
be from the same lot of cassettes used for

sampling). Use a prim.ary standard (e.g.

" bubble burette) to calibrate each pump. If

possible, calibrate at the sampling site.

Note: If sampling site calibration is not
possible, environmental influences may
affect the flow rate. The extent is dependent
on the type of pump used. Consult with the
pump manufacturer to determine
dependence on environmental influences. If
the pump is affected by temperature and
pressure changes, use the formula in
Appendix B to calculate the actual flow rate.

5.2.6. Connect each pump to the base of
each sampling cassette with flexible tubing.
Remove the end cap of each cassette and take
each air sample open face. Assure that each
sample cassette is held open side down in
the employee’s breathing zone during
sampling. The distance from the nose/mouth
of the employee to the cassette should be
about 10 cm. Secure the cassette on the collar
or lapel of the employee using spring clips
or other similar devices. -

5.2.7. A suggested minimum air volume
when sampling to determine TWA
compliance is 25 L. For Excursion Limit (30
min sampling time) evaluations, a minimum
air volume of 48 L is recommended.

5.2.8. The most qxgmﬁcant problem when

- sampling for asbestos is overloading the filter

with non-asbestos dust. Suggested maximum
air sample volumes for specific environments
are:

Environment Air Vol. (L)
Asbestos removal oper- | 100.
ations (visible dust).
Asbestos removal oper- | 240:
ations (little dust). i
Office environments ............ 400 to 2,400.

CAUTION: Do not overload the filter with.
dust. High levels of non-fibrous dust particles
may obscure fibers on the filter and lower the
count or make counting impossible. If more
than about 25 to 30% of the field area is
obscured with dust, the result may be biased
low. Smaller air volumes may be necessary
when there is excessive non- -asbestos dust in
the air.

While sampling, observe the filter with a
small flashlight. If there is a visible layer of
dust on the filter, stop sampling, remove and
seal the cassctte, and replace with a hew

-sampling assembly. The total dust loading

should not exceed 1 mg.

5.2.9. Blank samples are used to determine
if any contamination has occurred auring
sample handling. Prepare two oianxs for the
first 1 to 20 samples. For sets containing
greater than 20 samples, prepare blanks as
10% of the samples. Handle blank samples
in the same manner as air samples with one
exception: Do not draw any air through the
blank samples. Open the blank cassette in the
place where the sample cassettes are
mounted on the employee. Hold it open for
about 30 seconds. Close and seal the cassette
appropriately. Store blanks for shipment with
the sample cassettes. : ’

5.2.10. Inmediately after sampling, close
and seal each cassette with the base and
plastic plugs. Do not touch or puncture the
filter membrane as t]us will invalidate tho
analysis.
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5.2.11. Attach a seal (OSHA-21'or: "
equivalent) around each cassétte.in such'a
way as to secure the end cap plug and base ,
plug. Tape the ends of the seal together since

‘the seal is not long enough to be wrapped

end-to-end. Also wrap tape around the
cassette at each joint to keep the seal secure.

5.3. Sample Shipment

5.3.1. Send the samples to the laboratory
with paperwork requesting asbestos analysis.
List any known fibrous interferences present
during sampling on the paperwork. Also,
note the workplace operation(s) sampled.

5.3.2. Secure and handle the samples in

such that they will not rattle during shipment -

nor be exposed to static electricity. Do not
ship samples in expanded polystyrene
peanuts, vermiculite, paper shreds, or
excelsior. Tape sample cassettes to sheet
bubbles and place in a container that will
cushion the samples without rattling.

5.3.3. To avoid the possibility of sample
contamination, always ship bulk samples in
separate mailing containers.

6. Analysis
6.1. Safety Precautions

" 6.1.1. Acetone is extremely flammable and
precautions must be taken not to ignite it.
Avoid using large containers or quantities of
acetone. Transfer the solvent in a ventilated
laboratory hood. Do not use acetone near any
open flame. For generation of acetone vapor,
use a spark free heat source. .

6.1.2. Any asbestos spills should be
cleaned up immediately to prevent dispersal
of fibers. Prudence should be exercised to °
avoid contamination of laboratory facilities .

- or exposure of personnel to asbestos.

Asbestos spills should be cleaned up with
wet methods and/or a High Efficiency

- Particulate-Air (HEPA) filtered vacuum, "

CAUTION: Do not use a vacuum withott
a HEPA filter—It will disperse fine asbestos
fibers in the air.

6.2. Equipment.

6.2.1. Phase contrast microscope with
binocular or trinocular head.

6.2.2. Widefield or Huygenian 10X
eyepieces (NOTE: The eyepiece contammg
the graticule must be a focusing eyepiece. -

" Use'a 40X phase objective with a numerical

aperture of 0.65 to 0.75).

6.2.3. Kohler illumination (1f possxble) with
green or blue filter.

6:2.4. Walton-Beckett Graticule, type G-22
with'100 +2 um projected diameter:; -

6.2.5. Mechanical stage. A rotating
mechanical stage is convenient for use with

: polarized light.

6,2.6: Phase telescope.
6.2.7. Stage microméter with 0.01-mm
subdivisions. '
" 6.2.8. Phase-shift test slide, mark Il
(Available from PTR optics Ltd., and also -
McCrone).

6.2.9. Precleaned glass slides, 25 mm X 75

“mm. One end can be.frosted for convemence

“in writing sample numbers, etc., or paste-on

labels can be used.
6.2.10. Cover glass #1%.
-6.2.11. Scalpel {(#10, curved blade).
6.2.12, Fine tipped forceps.

" 6.2.13. Aluminum block for cléaring filter B

(see Appendix D and Figure 4).

6.2.14. Automatic adjustable pipette, 100-
to 500-pL.
6.2.15. Micropipette, 5 uL.

6.3. Reagents

6.3.1. Acetone (HPLC grade).
6.3.2. Triacetin (glycerol triacetate).
6.3.3. Lacquer or nail polish.

6.4. Standard Preparation

A way to prepare standard asbestos
samples of known concentration has not been
developed. It is possible to prepare replicate
samples of nearly equal concentration. This
has been performed through the PAT
program. These asbestos samples are
distributed by the AIHA to participating
laboratories. .

Since only about one-fourth of a 25-mm
sample membrane is required for an asbestos
count, any PAT sample can serve as a
“standard" for replicate counting.

6.5. Sample Mounting

Note: See Safety Precautions in Section 6.1.
before proceeding. The objective is to
produce samples with a smooth (non-grainy)
background in a medium with a refractive
index of approximately 1.46. The technique -
below collapses the filter for easier focusing
and produces permanent mounts which are
useful for quality control and mterlaboratory
comparison. *

An aluminum block or similar device is
required for sample preparation.

6.5.1. Heat the aluminum block to about
70°C. The hot block should not be used on

any surface that can be damaged by either the

heat or from exposure to-‘acetone.

6.5.2. Ensure that the glass slides and cover
glasses are free of dust and fibers.

6.5.3. Remove the top plug to prevent a
vacuum when the cassette is opened. Clean

-the outside of the cassette if necessary. Cut .

the seal and/or tape on the cassette with a -

. razor blade. Very carefully separate the base

from the extension cowl, leaving the ﬁlter :
and backup pad in the base. -
6.5.4. With a rocking motion cuta -

-triangular wedge from the filter using the

scalpel. This wedge should be one-sixth to
one-fourth of the filter. Grasp the filter wedge
with the forceps on the perimeter of the filter

* which was clamped between the cassette

pieces. DO NOT TOUCH the filter with your
finger. Place the filter on the glass slide
sample side up. Static electricity will usually
keep the filter on the slide until it is cleared.
6.5.5. Place the tip of the micropipette
containing about 200 uL acetbne into the
aluminum block. Insert the glass slide into

- the receiving slot in the aluminum block.

Inject the acetone into the block with-slow,
steady pressure on the plunger while holding

* the pipette firmly in place. Wait 3 to 5
seconds for the filter to clear, then reinove

the pipette and slide from the aluminum -
block. .

6.5.6. lmmedxately (less than 30 seconds)
place 2.5 to'3.5 uL of triacetin on the filter

{(NOTE: Waiting longer than 30 seconds will
result in increased index of refractionand
decreased contrast between the fibers and the
., preparation. This may also lead to separation .
.of the cover Sllp from the slide).

.6.5.7. Lower a cover slip gently onto the
filter at a slight angle to reduce the
possibility of forming air bubbles. If more

than 30 seconds have elapsed between -
acetcne exposure ard triacétinapplication,

_glue the edges of the cover slip to the sllde

with lacquer or nail polish.

6.5.8. If clearing is slow, warm the sllde for
15 min on a hot plate having a surface
temperature of about 50°C to hasten clearing.
The top of the hot block can be used if the
slide is not heated too long, ’

6.5.9. Counting may proceed immediately
after clearing and mounting are completed.

6.6. Sample Analysis

Completely align the microscope according
to the manufacturer’s instructions. Then,
align the microscope using the following
general alignment routine at the beginning of
every counting session-and more often if
necessary.

6.6.1. Alignment

(1) Clean all optical surfaces. Even a small
amount of dirt can significantly de:,rade the
image:

-(2) Rough focus the objective on a sample.

.(3) Close down the field iris so that it is
visible in the field of view. Focus the image
of the iris with the condenser focus. Center
the image of the iris in the field of view.

(4) Install the phase telescope and focus on
the phase rings. Cntlcally center the rings.
Misalignment of the rings results in
astigmatism which will degrade the image.

(5) Place the phase -shift test slide on the
microscope stage and focus on the lines. The
analyst must see line set 3 and should see at '
least parts of 4 and 5 but, not see line set 6. -
or 6. A microscope/microscopist combination
which does not pass this test may not be
used. . .

- 6.6.2. Countmg Flbers

(1) Place the prepared sample slide on the )
mechanical stage of the icroscope. Posmon,
the center of the'wedge undet the objective .-
lens and focus upon the sample. :

(2) Start counting from one end of the -

~wedge and progress, along aradial liné to the

other end (count in either direction from

_perimeter to wedge tip). Select fields

randomly, without looklng into the .
eyepieces, by slightly advancmg the slide i in”

‘one direction with. the mechamcal stage

control.
{3) Continually scan over a range of focal

" planes (generally the upper‘10 to15 pm of -

the filter surface) with the fine focus control
during each field count. Spend at least to
15 seconds per field. . S

- {4) Most samples w1ll contam asbestos )

. ﬁbers with fiber diameters less than 1 pm.
 Look carefully for faint fiber images. The

small diameter fibers will be very hard to see.
However, they dre ‘an lmportant contnbutlon
to thetotal ¢ount, *

(5) Count only‘fibers equal to or longer
than 5 jim. Measure the length of curved
fibers along the curve.

(6) Count fibers which have a length to
width ratio of 3:1 or. greater. ..

'(7) Count all the fibers in-at least 20 ﬁelds
Continue counting until either;100 fibers are
counted or 100 fields. have heen viewed;
whlchever occurs ﬁrst Count all the ﬁbers m
the final field. B

(8) Fibers lying entu‘ely withid'the ©"" - -

". boundary of the Walton-Beckettgratlcule
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field shall receive a count of 1. Fibers
crossing the boundary once, having one end
within the circle shall receive a count of .
Do not count any fiber that crosses the
graticule boundary more than once. Reject
and do not count any other fibers even
though they may be visible outside the
graticule area. If a fiber touches the circle, it
is considered to cross the line.

- {9) Count bundles of fibers as one fiber
unless individual fibers can be clearly
identified and each individual fiber is clearly
not connected to another counted fiber. See
Figure 2 for counting conventions.

{10) Record the aumber of fibers in each
field in a consistent way such that filter non-
uniformity can be assessed.

(11) Regularly check phase ring ahgnment

" (12) When an agglomerate (mass of
material) covers more than 25% of the field
of view, reject the field and select another.
Do not include it in the number of fields
counted.

(13) Perform a ‘‘blind recount” of 1 in
every 10 filter wedges (slides). Re-label the
slides using a person other than the original
counter.

6.7. Fiber I1dentification

As previously mentioned in Section 1.3,
PCM does not provide positive confirmation
of asbestos fibers. Alternate differential
counting techniques should be used if .
discrimination is desirable. Differential
counting may include primary
discrimination based on morphology.
polarized light analysis of fibers, or
modification of PCM data by Scanning
Electron or Transmission Electron
Microscopy.

A great deal of experience is required to
routinely and correctly perform differential
counting. It is discouraged unless it is legally
necessary. Then, only if a fiber is obviously
not asbestos should it be excluded from the
count. Further discussion of this technique
can be found in reference 8.10.

If there is a question whether a fiber is
asbestos or not, follow the rule:

“WHEN IN DOUBT, COUNT.”

6.8. Analytical Recommendations—Quality
Control System

6.8.1. All individuals performing asbestos
analysis must have taken the NIOSH course
for sampling and evaluating airborne asbestos
or an eguivalent course.

6.8.2. Each laboratory engaged in asbestos
counting shall set up a slide trading

Where: i

AC,=lower estimated airborne fiber
concentration

AC:=higher estimated airbomne fiber
concentration

AC.,.g=average of the two concentration
estimates

CVi=CV for the average of the two
concentration estimates

If a pair of counts are rejected by this
criterion then, recount the rest of the filters

arrangement with at Jeast two other
laboratories in order to compare performance
and eliminate inbreeding of error. The slide
exchange occurs at least semiannually. The
round robin results shall be posted where all
analysts can view individual analyst’s
results.

6.8.3. Each laberatory engaged in asbestos
counting shall participate in the Proficiency
Analytical Testing Program, the Asbestos
Analyst Registry or equivalent.

6.8.4. Each analyst shall select and count -
prepared slides from a “slide bank”. These
are quality assurance counts. The slide bank
shall be prepared using uniformly distributed
samples taken from the workload. Fiber
densities should cover the entire range
routinely analyzed by the laboratory. These
slides are counted blind by all counters to
establish an original standard deviation. This
historical distributien is compared with the
quality assurance counts. A counter must
have 95% of all quality control samples
counted within three standard deviations of
the historical mean. This count is thea
integrated into a new historical mean and
standard deviation for the slide.

The analyses done by the counters to
establish the slide bank may be used for an
interim quahty control program if the data
are treated in a proper : stansncal fashlon

7. Calculations

7.1. Calculate the estimated airborne
asbestos fiber concentration on the filter
sample using the following formula:

)

"1000x FR x T x MFA

where:

AC=Airborne fiber concentration

FB=Total number of fibers greater than 5 um
counted

FL=Total number of ﬁelds counted on the
filter

BFB=Total number of fibers greater than 5
pm counted in the blank

BFL=Total number of fields counted on the
blank

ECA=Effective collecting area of filter (385
mm? nominal for a 25-mm filter.)

FR=Pump flow rate {L/min)

MFA-chmsoope count field area (mm?).
This is 0.00785 mm? for a Walton-
Beckett Graticule.

NAcz-VfE

in the submitted set. Apply the test and reject
any other pairs failing the test. Rejection
shall include @ memo to the industrial
hygienist stating that the sample failed a
statistical test for hamageneity and the true
air concentration may be significantly
different than the reported value.

7.4. Reporting Results
Report results to the industrial hygienist as

. fibers/cc. Use twa significant figures. If

>2.18 x( fACa\.g )x CVig

T=Sample collection time (min)
1,0600=Conversicn of L to ¢cc

Note: The collection area of a ﬁlter is
seldom equal to 385-mmz, It is appropriate
for laboratories to routinely monitor the exact
diameter using an inside micrometer. The
collection area is calculated according to the
formula:

Area=n{d/2)?
7.2. Short-Cut Calculation

Since a given analyst always has the same
interpupillary distance, the number of fields
per filter for a particular analyst will remain
constant for a given size filter. The field size
for that analyst is constant (i.e. the analyst is
using an assigned microscope and is not
changing the reticle).

For example, if the exposed area of the
filter is always 385 mm?2 and the size of the
field is always 0.00785 mm? the number of
fields per filter will always be 49,000. In

- addition it is necessary to convert liters of air

to cc. These three constants can then be
combined such that ECA/(1,000xMFA)=49.
The previous equation simplifies to:

el )

FRxT

7.3. Recount Calculations

As mentioned in step 13 of Section 6.6.2.,
a “blind recount” of 10% of the slides is
performed. In all cases, differences will be
observed between the first and second counts
of the same filter wedge. Most of these
differences will be due to chance alone, that
is, due to the randorn variability (precision)
of the count method. Statistical recount
criteria enables one to decide whether
observed differences can be explained due to
chance alone or are probably due to
systemanc differences between analysts,
microscopes, or other bxasmg factors.

The following recount criterion is for a pair
of counts that estimate AC in fibers/cc. The
criterion is given at the type-I error level.
That is, there is 5% maximum risk that we
will reject a pair of counts for the reason that
one might be biased, when the large observed
difference is really due to chance.

Reject a pair of counts if:

multiple anaiyses are performed on d sample,
an average of the results is to be reported
unless any of the results can be rejected for
cause.
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Quality Control

The OSHA asbestos regulations require
each laboratory to establish a quality control
program. The following is presented as an
example of how the OSHA-SLTC
constructed its internal CV curve as part of
meeting this requirement. Data for the CV -
curve shown below is from 395 samples

collected during OSHA compliance
inspections and analyzed from October 1980
through April 1986.

Each sample was counted by 2 to 5
different counters independently of one
another. The standard deviation and the CV
statistic was calculated for each sample. This
data was then plotted on a graph of CV vs.
fibers/mmz2. A least squares regression was
performed‘using the following equation:
CV—antllog.o[A(log|o(x))2+B(log.o(x])+C]
where:
x=the numbe of fibers/mm2 -

Application of least squares gave:
A=0,182205
B=0.973343
C=0.327499

Using these values, the equation becomes:

CV=antilog;0[0.182205(log0(x))?
~0.973343(log:0(x))+0.327499]
Sampling Pump Flow Rate Corrections
This correction is used if a difference
greater than 5% in ambient temperature and/
or pressure is noted between calibration and
sampling sites and the pump does not
compensate for the differences.

'Qact = Qcal x

Where:

Qu=actual flow rate

Qca=calibrated flow rate (ifa rotameter was
used, the rotameter value)

P.s=uncorrected air pressure at calibration -

Pac=uncorrected air pressure at sampling site

T.«=temperature at sampling site (K)

T.a=temperature at calibration (K)

Walton-Beckett Graticule

When ordering the Graticule for asbestos
counting, specify the exact disc diameter

‘needed to fit the ocular of the microscope
‘and the diameter (mm) of the circular

counting area. Instructions for measuring the
dimensions necessary are listed:

(1) Insert any available graticule into the
focusing eyepiece and focus so that the
graticule lines are sharp and clear.

(2) Align the microscope.

(3) Place a stage micrometer on the
microscope object stage and focus the
microscope on the graduated lines. -

(4) Measure the magnified grid length, PL.
(um), using the stage micrometer.

(5) Remove the graticule from the
microscope and measure its actual grid
length, AL (mm). This can be accomplished
by using a mechanical stage fitted with
verniers, or a jeweler’s loupe with a direct
reading scale.

(6) Let D=100 um. Calculate the circle
diameter, d. (mm), for the Walton-Beckett
graticule and specify the diameter when
making a purchase:

_ALxD

¢ PL _
Example: If PL=108 pym, AL=2.93 mm and
D=100 pm, then,

2.93x100
108

(7) Each eyepiece-objective-reticle
combination on the microscope must be
calibrated. Should any of the three be
changed (by zoom adjustment, disassembly,
replacement, etc.), the combination must be
recalibrated. Calibration may change if
interpupillary distance i$ changed.

Measure the field diameter, D (acceptable
range: 1002 um) with a stage micrometer
upon receipt of the graticule from the

¢ = =2.7lmm '

- manufacturer. Determme the field area

(mm?2).

Field Area=n(D/2)2

If D=100 pm=0.1 mm, then .

Field Area=x(0.1 mm/2)2=0.00785 mm2
The Graticule is available from: Graticules

Ltd., Morley Road, Tonbridge TN9 IRN, Kent,

England (Telephone 011-44-732-359061).

Also available from PTR Optics Ltd., 145

Newton Street, Waltham, MA 02154 .

[telephone (617) 891-6000] or McCrone

‘Accessories and Components, 2506 S, -

Michigan Ave., Chicago, IL 60616 [phone

(312)- 842—7100] The graticule is custom

" made for each mlcroscope

BILLING CODE 4510-26-P
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Figure 1: Walton-Beckett Graticule with some explanatory fibers.

BILLING CODE 4510-26-C

COUNTS FOR THE FIBERS IN THE

FIGURE
S"ﬁ%t_l"e Count Exptanation
1106 ... 1 } Single {ibers afl con-
tained within the Cir-
cle.
T orieenes %2 | Fiber crosses circle
once.

0 | Fiber too short.

2 | Two crossing fibers.

0 | Fiber outside graticule.

0 | Fiber crosses graticule
twice.

Although split, fiber only
crosses once.

Appendix D to § 1926.1101 [Amended]

9. Appendix D to § 1926.1101 is
revised to read as follows:

This mandatory appendix contains the
medical questionnaires that must be
administered to all employees who are
exposed to asbestos above the permissible
exposure limit, and who will therefore be
Included in their employer’s medical
surveillance program.* * *

10. Appendix F to § 1926.1101 is
revised to read as follows:

Appendix F to § 1926.1101. Work
Practices and Engineering Controls for
Class | Asbestos Operations.—Non-
mandatory

This is a non-mandatory appendix to the
asbestos standards for construction and for
shipyards. It describes criteria and

- procedures for erecting and using negative

pressure enclosures for Class I Asbestos
Work, when NPEs are used as an allowable
control method to comply with paragraph
(g)(5)(i) of this section. Many small and
variable details are involved in the erection
of a negative pressure enclosure. OSHA and
most participants in the rulemaking agreed
that only the major, more performance
oriented criteria should be made mandatory.
These criteria are set out 1n paragraph (g) of
this section. In addition, this appendix
includes these mandatory specifications and
procedures in its guidelines in order to make
this appendix coherent and helpful. The
mandatory nature of the criteria which
appear in the regulatory text is not changed
because they are included in this “non-
mandatory” appendix. Similarly, the
additional criteria and procedures included
as guidelines in the appendix, do not become
mandatory because mandatory criteria are
also included in these comprehensive
guidelines. :

In addition, none of the criteria, both
mandatory and recommended, are meant to
specify or imply the need for use of patented
or licensed methods or equipment.
Recommended specifications included in
this attachment should not discourage the
use of creative altérnatives which can be
shown to reliably achieve the objectives of
negative-pressure enclosures.

Requirements included in this appendix,
cover general provisions to be followed in all
asbestos jobs, provisions which must be
followed for all Class I asbestos jobs, and
provisions governing the construction and
testing of negative pressure enclosures. The
first category includes the requirement for
use of wet methods, HEPA vacuums, and -
immediate bagging of waste; Class I work
must conform to the following provisions:

s oversight by competent person

» use of critical barriers over all opening,
to work area

e isolation of HVAC systems

+ use of impermeable dropcloths and
coverage of all objects within regulated areas

In addition, more specific requirements for
NPEs include:

¢ maintenance of ~0.02 inches water
gauge within enclosure -

¢ manometric measurements

¢ air movement away from employees
performing removal work

+ smoke testing or equivalent for detection
of leaks and air direction
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o deactivation of electrical circuits, if not
provided with ground-fault circuit
interrupters.

Planning the Project

The standard requires that an exposure
assessment be conducted before the asbestos
job is begun [§1926.1101 (f)(1}]. Information
needed for that assessment, includes data
relating to prior similar jobs, as applied to the
specific variables of the current job. The
information needed to conduct the
assessment will be useful in planning the
project, and in complying with any reporting
requirements under this standard, when
significant changes are being made toa
control system listed in the standard, [see
also those of USEPA {40 CFR 61, subpart'M).
Thus, although the standard does not
explicitly require the preparation of a written
asbestos removal plan, the usual constituents
of such a plan, i.e., a description of the
enclosure, the equipment, and the
procedures to be used throughout the project,
must be determined before the enclosure can
be erected. The following information should
be included in the planning of the system:

A physical description of the work area;

A description of the approximate amount of
material to be removed;

A schedule for turning off and sealing
existing ventilation systems;

Personnel hygiene procedures;

A description of personal protective
equipment and clothing to be worn by
employees;

A description of the local exhaust ventilation
systems to be used and how they are to
be tested;

A description of work practices to be
observed by employees;

An air monitoring plan;

A description of the method to be used to
transport waste material; and

The location of the dump site.

Materials and Equipment Necessary for
Asbestos Removal

Although individual asbestos removal
projects vary in terms of the equipment
required to accomplish the removal of the
materials, some equipment and materials are
common to most asbestos removal
operations.

Plastic sheeting used to protect horizontal
. surfaces, seal HVAC openings or to seal
vertical openings and ceilings should have a
minimum thickness of 6 mils. Tape or other
adhesive used to attach plastic sheeting
should be of sufficient adhesive strength to
support the weight of the material plus all
stresses encountered during the entire
duration of the project without becoming
detached from the surface.

Other equipment and materials which
should be available at the begmmng of each
project are:

—HEPA Filtered Vacuum is essential for
cleaning the work area after the asbestos
has been removed. It should have a long
hose capable of reaching out-of-the-way
places, such as areas above cexhng tiles,
behind pipes, etc.

—Portable air ventilation systems msmlled to
provide the negative air pressure and air
removal from the enclosure must be .

equipped with a HEPA filter. The number
and capacity of units required to ventilate
an enclosure depend on the size of the area
to be ventilated. The filters for these
systems should be designed in such a
manner that they can be replaced when the
air flow volume is reduced by the build-
up of dust in the filtration material.
Pressure monitoring devices with alarms
and strip chart recorders attached to each
system to indicate the pressure differential
and the loss due to dust buildup on the
filter are recommended.

—Water sprayers should be used to keep the
asbestos material as saturated as possible
during removal; the sprayers will provide
a fine mist that minimizes the impact of
the spray on the material.

—Water used to saturate the asbestos
containing material can be amended by
adding at least 15 milliliters (Vs ounce) of
welting agent in 1 liter (1 pint) of water.
An example of a wetting agent is a 50/50
mixture of polyoxyethylene ether and
polyoxyethylene polyglycol ester.

—Backup power supplies are recommended,
especially for ventilation systems.

—Shower and bath water should be with
mixed hot and cold water faucets. Water
that has been used to clean personnel or
equipment should either be filtered or be
collected and discarded as asbestos waste.
Soap and shampoo should be provided to
aid in removing dust from the workers’
skin and hair.

—See paragraphs (h} and (i} of this section
for appropriate respiratory protection and
protective clothing.

—See paragraph (k) of this section for
required signs and labels.

Preparing the Work Area

Disabling HVAC Systerns: The power to the
heating, ventilation, and air conditioning
systerns that service the restricted area must
be deactivated and locked off. All ducts,
grills, access ports, windows and vents must
be sealed off with two layers of plastic to
prevent entrainment of contaminated air.

Operating HVAC Systems in the Restricted
Area: If components of a HVAC systemn
located in the restricted area are connected
to a system that will service another zone
during the project, the portion of the duct in
the restricted area must be sealed and
pressurized. Necessary precautions include
caulking the duct joints, covering all cracks
and openings with two layers of sheeting,
and pressurizing the duct throughout the
duration of the project by restricting the
return air flow. The power to the fan
supplying the positive pressure should be
locked ‘‘on" to prevent pressure loss.

Sealing Elevators: If an elevator shaft is
located in the restricted area, it should be
either shut down or isolated by sealing with
two layers of plastic sheeting. The sheeting
should provide enough slack to
accommodate the pressure changes in the
shaft without breaking the air-tight seal.

Removing Mobile Objects: All movable
objects should be cleaned and removed from
the work area before an enclosure is
constructed unless moving the objects creates
ahazard. Mobile objects will be assumed to
be contaminated and should be either

cleaned with amended water and a HEPA
vacuum and then removed from the area or
wrapped and then disposed of as hazardous
waste. .

Cleaning and Sealing Surfaces: After
cleaning with water and a HEPA vacuum,
surfaces of stationary objects should be
covered with two layers of plastic sheeting,.
The sheeting should be secured with duct
tape or an equivalent method to provide a
tight seal around the object.

Bagging Waste: In addition to the
requirement for immediate bagging of waste
for disposal, it is further recommended that

- the waste material be double-bagged and

sealed in plastic bags designed for asbestos
disposal. The bags should be stored in a
waste storage area that can be controlled by
the workers conducting the removal. Filters
removed from air handling units and rubbish
removed from the area are to be bagged and
handled as hazardous waste.

Constructing the Enclosure

The enclosure should be constructed to
provide an air-tight seal around ducts and
openings into existing ventilation systems
and around penetrations for electrical
conduits, telephone wires, water lines, drain
pipes, etc. Enclosures should be both airtight
and watertight except for those opemngs
designed to provide entry and/or air flow
control.

Size: An enclosure should be the minimum
volume to encompass all of the working
surfaces yet allow unencumbered movement
by the worker(s), provide unrestricted air
flow past the worker{s}, and ensure walking
surfaces can be kept free of tripping hazards.

Shape: The enclosure may be any shape
that optimizes the flow of ventilation air past
the worker(s}.

Structural Integrity: The walls, ceilings and
floors must be supported in such a manner

- that portions of the enclosure will not fall

down during normal use.

Openings: It is not necessary that the
structure be airtight; openings may be
designed to direct air flow. Such openings
should be located at a distance from active
removal operations. They should be designed
to draw air into the enclosure under all
anticipated circumstances. In the event that
negative pressure is lost, they should be
fitted with either HEPA filters to trap dust or
automatic trap doors that prevent dust from
escaping the enclosure. Openings for exits
should be controlled by an airlock or a
vestibule.

Barrier Supports: Frames should be
constructed to support all unsupported spans
of sheeting. ~

Sheeting: Walls, barriers, cexlmgs and
floors should be lined with two layers of
plastic sheeting having a thickness of at least
6 mil.

Seams: Seams in lhe sheeting material
should be minimized to reduce the
possibilities of accidental rips and tears in
the adhesive or connections. All seams in the
sheeting should overlap, be staggered and not
be located at corners or wall-to-floor joints.
Areas Within an Enclosure: Each enclosure
consists of a work area, a decontamination
area, and waste storage area. The work area
where the asbestos removal operations occur
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should be separated from both the waste
storage area and the contamination control
area by physical curtains, doors, and/or
airflow patterns that force any airborne
contamination back into the work area.

See paragraph (j) of this section for
requirements for hygiene facilities.

During egress from the work area, each
worker should step into the equipment room,
clean tools and equipment, and remove gross
contamination from clothing by wet cleaning
and HEPA vacuuming. Before entering the
shower area, foot coverings, head coverings,
hand coverings, and coveralls are removed
and placed in impervious bags for disposal
or cleaning. Airline connections from airline
respirators with HEPA disconnects and
power cables from powered air-purifying
respirators (PAPRs) will be disconnected just
prior to entering the shower room.

Establishing Negative Pressure Within the
Enclosure ’

Negative Pressure: Air is to be drawn into
the enclosure under all anticipated ~
conditions and exhausted through a HEPA
filter for 24 hours a day during the entire
duration of the project.

Air Flow Tests: Air flow patterns will be
checked before removal operations begin, at
‘least once per operating shift and any time
there is a question regarding the integrity of
the enclosure. The primary test for air flow
is to trace air currents with smoke tubes or
other visual methods. Flow checks are made
at each opening and at each doorway to -
demonstrate that air is being drawn into the
enclosure and at each worker’s position to
show that air is being drawn away from the
breathing zone.

Monitoring Pressure Within the Enclosure:
After the initial air flow patterns have been
checked, the static pressure must be
monitored within the enclosure. Monitoring
may be made using manometers, pressure
gauges, or combinations of these devices. It
is recommended that they be attached to
alarms and strip chart recorders at points
identified by the design engineer.

Corrective Actions: If the manometers or
pressure gauges demonstrate a reduction in
pressure differential below the required level,
work should cease and the reason for the
change investigated and appropriate changes
made. The air flow patterns should be
retested before work begins again.

Pressure Differential; The design
parameters for static pressure differentials
between the inside and outside of enclosures
typically range from 0.02 to 0.10 inches of
water gauge, depending on conditions. All
zones inside the enclosure must have less
pressure than the ambient pressure outside of
the enclosure (—0.02 inches water gauge
differential). Design specifications for the
differential vary according to the size,
configuration, and shape of the enclosure as
well as ambient and mechanical air pressure
conditions around the enclosuire.

Air Flow Patterns: The flow of air past each
worker shall be enhanced by positioning the
intakes and exhaust ports to remove
contaminated air from the worker’s breathing
zone, by posmoning HEPA vacuum cleaners
to draw air from the worker's breathmg zone,
by forcing relatively uncontammated alr past

" container is sealed

the worker toward an exhaust port, or by
using a combination of methods to reduce the
worker’s exposure.

Air Handling Unit Exhaust: The exhaust
plume from air handling units should be
located away from adjacent personnel and
intakes for HVAC systems.

Air Flow Volume: The air flow volume
(cubic meters per minute) exhausted
(removed) from the workplace must exceed
the amount of makeup air supplied to the
enclosure. The rate of air exhausted from the
enclosure should be designed to maintain a
negative pressure in the enclosure and air
movement past each worker. The volume of
air flow removed from.the enclosure should
replace the volume of the container at every
5 to 15 minutes. Air flow volume will need
to be relatively high for large enclosures,
enclosures with awkward shapes, enclosures
with multiple openings, and operations
employing several workers in the enclosure.

Air Flow Velocity: At each opening, the air
flow velocity must visibly ‘drag™ air into the
enclosure. The velocity of air flow within the
enclosure must be adequate to remove
airborne contamination from each worker’s
breathing zone without disturbing the
asbestos-containing material on surfaces.

Airlocks: Airlocks are mechanisms on
doors and curtains that control the air flow
patterns in the doorways. If air flow occurs,
the patterns through doorways must be such
that the air flows toward the inside of the
enclosure. Sometimes vestibules, double
doors, or double curtains are used to prevent
air movement through the doorways. To use
a vestibule, a worker enters a chamber by
opening the door or curtain and then closing
the entry before opening the exit door or
curtain.

Airlocks should be located between the
equipment room and shower room, between
the shower room and the clean room, and
between the waste storage area and the
outside of the enclosure. The air flow
between adjacent rooms must be checked
using smoke tubes or other visual tests to
ensure the flow patterns draw air toward the
work area without producing eddies.

Monitoring for Airborne Concentrations

. In addition to the breathing zone samples
taken as outlined in. paragraph (f) of this
section, samples of air should be taken to
demonstrate the integrity of the enclosure,
the cleanliness of the clean room and shower
area, and the effectiveness of the HEPA filter.
If the clean room is shown to be
contaminated, the room must be relocated to
an uncontaminated area.

Samples taken near the exhaust of portable
ventilation systems must be done with care.

General Work Practices

Preventing dust dispersion is the primary
means of controlling the spread of asbestos
within the enclosure. Whenever practical, the
point of removal should be isolated,
enclosed, covered, or shielded from the
workers in the area. Waste asbestos -
containing materials must be bagged during
or immediately after remova}; the material
must remaln saturated until the waste

R

Waste material with sharp points or
corners must be placed in hard air-tight
containers rather than bags.

Whenever p0551ble large components

. should be sealed in plastic sheetmg and

removed intact.

Bags or containers of waste will be moved
to the waste holding area, washed, and
wrapped in a bag with the appropriate labels.

Cleaning the Work Area

Surfaces within the work area should be
kept free of visible dust and debris to the
extent feasible. Whenever visible dust
appears on surfaces, the surfaces within the
enclosure must be cleaned by wiping with a
wet sponge, brush, or cloth and then
vacuumed with a HEPA vacuum.

All surfaces within the enclosure should be
cleaned before the exhaust ventilation system
is deactivated and the enclosure is
disassembled. An approved encapsulate may
be sprayed onto areas after the visible dust
has been removed.

11. Appendix G to §1926. 1101 is
removed and reserved. g

12. Appendix H of §1926.1101 is
revised to read as follows:

Appendix H to § 1915.1001—Substance
Technical Information for Asbestos.
Non-Mandatory

I. Substance Identification

A. Substance: “‘Asbestos” is the name of a
class of magnesium-silicate minerals that
occur in fibrous form. Minerals that are
included in this group are chrysotile,
crocidolite, amosite, anthophyllite asbestos,
tremolite asbestos, and actinolite asbestos.

B. Asbestos is and was used in the
manufacture of heat-resistant clothing,
automotive brake and clutch linings, and a
variety of building materials including floor
tiles, roofing felts, ceiling tiles, asbestos-
cement pipe and sheet, and fire-resistant
drywall. Asbestos is also present in pipe and
boiler insulation materials and in sprayed-on
materials located on beams, in crawlspaces,
and between walls. ’

C. The potential for an asbestos-containing
product to release breathable fibers depends
largely on its degree of friability. Friable
means that the material can be crumbled
with hand pressure and is therefore likely to
emit fibers. The fibrous fluffy sprayed-on
materials used for fireproofing, insulation, or
sound proofing are considered to be friable,
and they readily release airborne fibers if
disturbed. Materials such as vinyl-asbestos
floor tile or roofing felt are considered non-

" friable if intact and generally do not emit

airborne fibers unless subjected to sanding,
sawing and other aggressive operations.
Asbestos-cement pipe or sheet can emit
airborne fibers if the materials are cut or
sawed, or if they are broken.

" D. Permissible exposure: Exposure to
airborne asbestos fibers may not exceed 0.1
fibers per cubic centimeter of air (0.1 f/cc)
averaged over the 8-hour Workday. and1 ...

. fiber per cubic centimeter of air (1.0 f/cc)
R avemged over a 30 minute work period.
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1. Health Hazard Data’

A. Asbestos can cause dlsablmg respu'atory
disease and various types of cancers if the
fibers are inhaled. Inhaling or ingesting fibers
from contaminated clothing or skin can also
result in these diseases. The symptoms of
these diseases generally do not appear for 20
or more years after initial exposure.

B. Exposure to asbestos has been shown to
cause lung cancer, mesothelioma, and cancer

“of the stomach and colon. Mesothelioma is a

rare cancer of the thin membrane lining of
the chest and abdomen. Symptoms of
mesothelioma include shortness of breath,
pain in the walls of the chest, and/or
abdominal pain.

I11. Respirators and Protective Clothing

A. Respirators: You are required to wear a
respirator when performing tasks that result
in asbestos exposure that exceeds the
permissible. exposure limit (PEL) of 0.1 f/cc
and when performing certain designated
operations. Air-purifying respirators

. .equipped with a high-efficiency particulate

air (HEPA) filter can be used where airborne
asbestos fiber concentrations do not exceed
1.0 f/cc; otherwise, more protective
respirators such as air-supplied, positive-

‘pressure, full facepiece respirators must be

used. Disposable respirators or dust masks

_are not permitted to be used for asbestos

s’

work. For effective protection, respirators
must fit your face and head snugly. Your
employer is required to conduct fit test when
you are first assigned a respirator and every
6 months thereafter. Respirators should not
be loosened or removed in work situations
where their use is required.

B. Protective Clothing: You are required to
wear protective clothing in work areas where
asbestos fiber concentrations exceed the
permissible exposure limit (PEL} of 0.1 f/cc.

IV. Disposal Procedures and Clean-up

A. Wastes thgt are generated by processes
where asbestos is present include:

1. Empty asbestos shipping containers.

2. Process wastes such as cuttings,
trimmings, or reject materials.

3. Housekeepmg waste from wet- sweepmg ’

or HEPA-vacuuming,

4. Asbestos fireproofing or insulating
material that is removed from buildings.

" 5. Asbestos-containing building products
removed during building rengvation or
demolition.

6. Contaminated disposable protective
clothing.

" B. Empty shipping bags can be flattened
under exhaust hoods and packed into airtight
containers for disposal. Empty shipping
drums are difficult to clean and should be
sealed.

C. Vacuum bags or disposable paper filters
should not be cleaned, but should be sprayed
with a fine water mist and placed into a
labeled waste container:

D. Process waste and housekeeping waste
should be wetted with water or a mixture of
water and surfactant prior to packaging in
disposable containers. .

E. Asbestos-containing material that if
removed from buildings must be disposed of

in leak-tight 6-mil pldstic bags, plastic-lined ' * -

cardboard containers, ‘or plastic-lined metal

containers. These wastes. which are removed
while wet, should be sealed in containers
before they dry out to minimize the release
of asbestos fibers during handling.

V. Access to Information

A. Each year, your employer is required to
inform you of the information contained in
this standard and appendices for asbestos. In
addition, your employer must instruct you in
the proper work practices for handling
asbestos-containing materials, and the correct
use of protective equipment.

B. Your employer is required to determine
whether you are being exposed to asbestos.
Your employer must treat exposure to
thermal system insulation and sprayed-on

and trowled-on surfacing material as asbestos -

exposure, unless results of laboratory
analysis show that the material does not

. contain asbestos. You or your representative

has the right to observe employes
measurements and to record the results
obtained. Your employer is required to
inform you of your exposure, and, if you are
exposed above the permissible exposure
limit, he or she is required to inform you of
the actions that are being taken to reduce
your exposure to within the permissible
limit.

C. Your employer is required to keep
records of your exposures and medical
examinations. These exposure records must
be kept for at least thirty {30) years. Medical
records must be kept for the period of your
employment plus thirty (30) years.

D.-Your employer is required to release
your exposure and medical records to-your
physician or designated representative upon
your written request.

Appendix | of 1926.1101 [Amended]

13. Appendix I of § 1926.1101 is
amended by revising the first sentence
of the second paragraph of section IV,
entitled Surveillance and Preventive
Consideration to read as follows:

* ’ . * * L 4 .

The employer is required to institute a -
medical surveillance program for all
employees who are or will be exposed to
asbestos at or above the permissible exposure

- limit (0.1 fiber per cubic centimeter of air).

LR B
* * * - *

14. Appendix K to § 1926.1101 is
added to read as follows:

Appendix K to § 1926.1101—Polarized
Light Microscopy of Asbestos (Non-
Mandatory)

Method number:

D191

Matrix: Bulk
Collection Procedure:

Collect approximately 1 to 2 grams of each
type of material and place into separate
20 mL scintillation vials.

Analytical Procedure:

A portion of each separate phase is
analyzed by gross examination, phase-
polar examination, and central stop
- *dispersion microscopy.

Commercial manufacturets and. products
mentioned in this method are for descriptive . .

-use only and do not constitute endorsements

by USDOL-OSHA. Similar products from
other sources may be substituted.

1. Introduction

This method describes the collection and
analysis of asbestos bulk materials by light
microscopy techniques including phase-
polar illumination and central-stop
dispersion microscopy. Some terms unique
to asbestos analysis are defined below:

Amphibole: A family of minerals whose
crystals are formed by long, thin units which
have two thin ribbons of double chain
silicate with a brucite ribbon in between. The
shape of each unit is similar to an “I'beam”.
Minerals important in asbestos analysis
include cummingtonite-grunerite,
crocidolite, tremolite-actinolite and
anthophyllite.

Asbestos: A term for naturally occurring
fibrous minerals. Asbestos includes
chrysotile, cummingtonite-grunerite asbestos
(amosite}, anthophyllite asbestos; tremolite
asbestos, crocidolite, actinolite asbestos and
any of these minerals which have been
chemically treated or altered. The precise
chemical formulation of each species varies
with the location from which it was mined.
Nominal compositions are listed:

ChrySotile .......cerecreereenserennersenes Mg,Si;05(0OH)4
Crocidolite (Riebeckite asbestos).... . .......cu......
NazFe]2+FezJ+Si8012(oH)z

Cummingtonite-Grunerite asbestos

(Amosite).....ccoveeeenn. (Mg.Fe);SisO2(OH)
Tremolite-Actinolite asbestos .........cowceverieenncee
Caz(Mg Fe)sSis02,(OH);
Anthophyllite asbestos...............
(Mg, Fe)vslsozz(OH)z

Asbestos Fiber: A fiber of asbestos meeting
the criteria for a fiber. {See section 3.5. of this
Appendix) :

Aspect Ratio: The ratio of the length of a
fiber to its diameter usually defined as
“length : width”, e.g. 3:1.

Brucite: A sheet mineral with the
composition Mg(OH),.

Central Stop D:spersmn Staining
(microscope): This is a dark field rmcroscopo
technique that images particles using only
light refracted by the particle, excluding light
that travels through the particle unrefracted.
This is usually accomplished with a
McCrone objective or other arrangement
which places a circular stop with apparent
aperture equal to the objective aperture in the
back focal plane of the microscope.

Cleavage Fragments: Mineral particles
fornfed by the comminution of minerals,
especially those characterized by relatively
parallel sides and moderate aspect ratio. )

Differential Counting: The term applied to -
the practice of excluding certain kinds of
fibers from a phase contrast asbestos count
because they are not asbestos.

Fiber: A particle longer than or equal to 5

. um with a length to width ratio greater than
_ or equal to 3:1. This may include cleavage -

fragments. (see section 3.5 of this appendix).
Phase Contrast: Contrast obtained in the

"microscope by causing hght scattered by

small particles to destructively interfere with
unscattered light, thereby enhancing the

"~ visibility of very small particles and parhciés
‘with very low intrinsi¢ contrast.
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Phase Contrast Microscope: A microscope
configured with a phase mask pair to create
phase contrast. The technique which uses
this is called Phase Contrast Mlcroscopy
{PCM). :

Phase-Polar Analys;s This is the use of
polarized light in a phase contrast
microscope. It is used to see the same size
fibers that are visible in air filter analysis.
Although fibers finer than 1 um are visible,
analysis of these is inferred from analysis of
" larger bundles that are usually present.

Phase-Polar Microscope: The phase-polar
microscope is a phase contrast microscope
which has an analyzer, a polarizer, a first
order red plate and a rotating phase
condenser all in place so that the polarized
light image is enhanced by phase contrast.

Sealing Encapsulant: This is a product
which can be applied, preferably by spraying,
onto an asbestos surface which will seal the
surface so that fibers cannot be released.

Serpentine: A mineral family consisting of
minerals with the general composition
Mgs(S8i-0+(OH)4 having the magnesium in
brucite layer over a silicate layer. Minerals
important in asbestos analysis included in
this family are chrysotile, lizardite,
antlgorlte

. 1.1. History

Light microscopy has been used for well
over 100 years for the determination of
mineral species. This analysis is carried out
using specialized polarizing microscopes as
well as bright field microscopes. The
identification of minerals is an on-going
process with many new minerals described
each year. The first recorded use of asbestos
was in Finland about 2500 B.C. where the
material was used in the mud wattle for the
wooden huts the people lived in as well as
strengthening for pottery. Adverse health
aspects of the mineral were noted nearly
2000 years ago when Pliny the Younger
wrote about the poor health of slaves in the

- asbestos mines. Although known to be
injurious for centuries, the first modern
references to its toxicity were by the British
Labor Inspectorate when it banned asbestos
dust from the workplace in 1898. Asbestosis
cases were described in the literature after
the turn of the century. Cancer was first
suspected in the mid 1930's and a causal link
to mesothelioma was made in 1965. Because
of the public concern for worker and public
safety with the use of this material, several
different types of analysis were applied to the
determination of asbestos content. Light
microscopy requires a great deal of
experience and craft. Attempts were made to
apply less subjective methods to the analysis.
X-ray diffraction was partially successful in
determining the mineral types but was
unable to separate out the fibrous portions
from the non-fibrous portions. Also, the
minimum detection limit for asbestos
analysis by X-ray diffraction (XRD) is about
1%. Differential Thermal Analysis (DTA) was
no more successful. These provide useful
corroborating information when the presence
of ashestos has been shown by microscopy;
however, neither can determine the
difference between fibrous and non-fibrous
minerals when both habits are present. The
same is true of Infrared Absorption (IR).

When electron microscopy was applied to
asbestos analysis, hundreds of fibers were
discovered present too small to be visible in
any light microscope. There are two different
types of electron microscope used for
asbestos analysis: Scanning Electron
Microscope (SEM) and Transmission
Electron Microscope {TEM). Scannmg
Electron Microscopy is useful in identifying
minerals. The SEM can provide two of the
three pieces of information required to
identify fibers by electron microscopy:
morphology and chemistry. The third is
structure as determined by Selected Area
Electron Diffraction—SAED which is
performed in the TEM. Although the
resolution of the SEM is sufficient for very
fine fibers to be seen, accuracy of chemical
analysis that can be performed on the fibers
varies with fiber diameter in fibers of less
than 0.2 pm diameter. The TEM is a powerful
tool to identify fibers too small to be resolved
by light microscopy and should be used in
conjunction with this method when
necessary. The TEM can provide all three
pieces of information required for fiber
identification. Most fibers thicker than'1 um
can adequately be defined in the light

microscope. The light microscope remains as”

the best instrument for the determination of
mineral type. This is because the minerals
under investigation were first described
analytically with the light microscope. It is
inexpensive and gives positive identification
for most samples analyzed. Further, when
optical techniques are inadequate, there is
ample indication that alternative techniques
should be used for complete identification of
the sample.

1.2. Principle

Minerals consist of atoms that may be
arranged in random order or in a regular
arrangement. Amorphous materials have
atoms in random order while crystalline
materials have long range order. Many
materials are transparent to light, at least for
small particles or for thin sections. The

. properties of these materials can be

investigated by the effect that the material
has on light passing through it. The six
asbestos minerals are all crystalline with
particular properties that have been
identified and cataloged. These six minerals
are anisotropic. They have a régular array of
atoms, but the arrangement is not the same

in all directions. Each major direction of the
crystal presents a different regularity. Light
photons travelling in each of these main
directions will encounter different electrical
neighborhoods, affecting the path and time of
travel. The techniques outlined in this
method use the fact that light traveling
through fibers or crystals in different
directions will behave differently, but
predictably. The behavior of the light as it
travels through a crystal can be measured and
compared with known or determined values
to identify the mineral species. Usually,
Polarized Light Microscopy (PLM) is
performed with strain-free objectives on a
bright-field microscope platform. This would
limit the resolution of the microscope to
about 0.4 pm. Because OSHA requires the
counting and identification of fibers visible
in phase contrast, the phase contrast platform
is used to visualize the fibers with the

* polarizing elements added into the light path,
- Polarized light methods cannot identify

fibers finer than about 1um in diameter even
though they are visible. The finest fibers are
usually identified by inference from the
presence of larger, identifiable fiber bundles.
When fibers are present, but not identifiable
by light microscopy, use either SEM or TEM
to determine the fiber identity.

1.3. Advantages and Disadvantages

The advantages of light microcopy are:

(a) Basic identification of the materials was
first performed by light microscopy and gross
analysis. This provides a large base of
published information against which to
check analysis and analytical technique.

(b) The analysis is specific to fibers. The
minerals present can exist in asbestiform,
fibrous, prismatic, or massivé varieties all at
the same time. Therefore, bulk methods of
analysis such as X-ray diffraction, IR
analysis, DTA, etc. are inappropriate where
the material is not known to be fibrous.

(c) The analysis is quick, requires little

" preparation time, and can be performed on-

available.

The disadvantages are:

{a) Even using phase-polar illumination,
not all the fibers present may be seen. This -
is a problem for very low asbestos
concentrations where agglomerations or large
bundles of fibers may not be present to allow
identification by inference.

(b) The method requires a great degree of
sophistication on the part of the
microscopist. An analyst is only as useful as
his mental catalog of images. Therefore, a
microscopist’s accuracy is enhanced by

site if a suitably equipped microscope is

- experience. The mineralogical training of the

analyst is very important. It is the basis on
which subjective decisions are made, ‘

(c) The method uses only a tiny amount of
material for analysis. This may lead to
samplmg bias and false results (high or low).
This is especially true if the sample is
severely inhomogeneous.

(d) Fibers may be bound in a matrix and
not distinguishable as fibers so identification
cannot be made. . ‘

1.4. Method Performance

1.4.1. This method can be used for
determination of asbestos content from 0 to
100% asbestos. The detection limit has not
been adequately determined, although for
selected samples, the limit is very low,
depending on the number of particles
examined. For mostly homogeneous, finely
divided samples, with no difficult fibrous
interferences, the detection limit is below
1%. For inhomogeneous samples (most
samples), the detection limit remains

_undefined. NIST has conducted proficiency

testing of laboratories on a national scale.
Although each round is reported statistically
with an average, contro] limits, etc., the
results indicate a difficulty in establishing
precision especially in the low concentration
range. It is suspected that there is significant
bias in the low range especially near 1%.
EPA tried to remedy this by requiring a
mandatory point counting scheme for
samples less than 10%. The point counting
procedure is tedious, and may introduce
significant biases of its own. It has not been
incorporated intd this method.
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1.4.2. The precision and accuracy of the
quantrtatlon tests performed in this method
.are. unknown Concentratlons are easier to
determine in commercial products where
asbestos was deliberately added because the
amount is usually more than a few percent. -
An analyst’s results can be “calibrated”
against the known amounts added by the-
manufacturer For geological samples, the
degree of homogeneity affects the precision.
~ 1.4.3. The performance of the method is
analyst dependent. The analyst must choose
carefully and not necessarily randomly the
portions for analysis to assure that detection -
of asbestos occurs when it is present. For this
reason, the analyst must have adequate
training in sample preparation, and’
experience in the location and identification
of asbestos in samples. This is usually
accomplished through substantial.on-the-job
“training as well as formal education in
mineralogy and microscopy.
1.5. Interferences )
Any material which is long, thin, and small
enough to be viewed under the microscope

. can be considered an interference for
asbestos. There are literally hundreds of

interferences in workplaces. The techniques -

desgribed in this method are normally

- sufficiant to eliminate the interferences. An
analyst’s success in eliminating the
interferences depends on proper training.

Asbestos minerals belong to two mineral
families: the serpentines and the amphiboles.
. In the serpentine family, the only common
fibrous iineral is chrysotile. Occasmnally.
the mineral antigorite occurs in a fibril habit
with morphology similar to the amphiboles.
The amphibole minerals consist of a score of
different minerals of which only fiveate
regulated by federal standard: amosite,

" crocidolite, anthophyllite asbestos, tremollte
asbestos and actinolite.asbestos. These are - :
the only amphibole minerals that have been
commercially exploited for their fibrous -

-properties; however: the rest can.and do
occur accasionally in asbestiform habit:

" In addition to the related mineral - ‘
_mterfererces other mmerals,common in |

building material may present a problem for .

some microscopists: gypsum, anhydrite,
bricite, quartz fibers, talc fibers or ribbons,
wollastonite, perlite, attapulgite, etc. Other

fibraus materials commonly present in’

workplaces are: fiberglass, mineral 'wool.-
ceramic wool, refractory ceramic fibers, -
", kevlar, nomex, synthetic fibers, graphite br
‘carbon fibers; cellulose (paper or wood)
ﬁbers metal fibers, etc.

- Matrix embedding material can somenmea -

‘bea negative interference. The analyst may |
not be able to easily-extract the fibers from.*
the miatrix in-order to use the method. Where
possible, remove the matrix before the'*
analysis, taking careful note of the loss of -

; -werght ‘Some common matrix materials are; .

" “vinyl, rubber, tar, paint, plant fiber, centent, "

“and epoxy. A further negative interference is

_ “that the asbestos.fibers themsetves may be
“either too small to be seen in Phase contrast:

'Microscopy (PCM) or of a very low ﬁbrous o

" quality, having the appearance of lplant
* ' fibers. The analyst's ability to dea, with these
L matenals increases with expenence s

AN

1.6. Uses and Occupational Exposure

. Asbestos is ubiquitous in the environment,
More than 40% of the land area of the Uriited
States is composed of minerals which may -
contain asbestos. Fortunately, the actual
formation of great amounts of asbestos is -
relatively rare.. Nonetheless, there are '
locations in which environmental exposutre
can be severe such as in the Serpentine Hrlls

There are thousands of uses for asbestos in
1ndustry and the home. Asbestos abatement
workers are the most current segment of the
population to have occupational exposure to
great amounts of asbestos. If the material is
undisturbed, there is no exposure. Exposure
occurs when the asbestos-containing material
is abraded or otherwise disturbed during
maintenance operations or some other .
activity. Approxlmately 95% of the asbestos
‘in place in the United States is chrysotile.

) Amosite and crocidolite make up nearly all

. the difference. Tremolite and anthophyllite
make up a very small percentage. Tremolite
is found in extremely small amounts in
" certain chrysotile deposits. Actinolite
exposure is probably greatest from
environmental sources, but has béen

ldentified in vermiculite containing, sprayed-
on insulating materials which may have been
certified as asbestos-free.

1.7. Physical and Chemical Properues

The nominal chemical compositions for
the asbestos minerals were given in Section
1. Compared to cleavage fragments of the
samie minerals, asbestiform fibers possess a

- . high tensile strength along the fiber axis.
They are chemically inert, non-combustible,
and heat resistant. Except for chrysotile, they
are rnsoluble in Hydrochlorrc acid (HCI).
Chrysotile is slightly soluble in HCl. Asbestos
has high électrical resistance and good sound,
absorbmg characteristics, It can be woven

- into cables, fabrics or.other textiles, or matted
into papers, felts, and mats.

1 8. Toxicology (This Section is for .
- “Information Only and Should Not Be Taken 3
". asOSHA Policy)

Possible physiologic results of resplratory
.exposure to asbestos are mesothelioma of the
pleura or perltoneum mterstrtxal fibrosis,
asbestosis, pneumoconiosis, or respiratory
cancer. The possible consequences of

. asbestos exposure are detailed in the NIOSH
ICrlterla Document or in the OSHA Asbestos
_'Standards 28 CFR 1910 1001 and 29 CFR

2. Samplmg Procedure
2. 1. Equipment for sampling
(@) Tube or cork borer sampling devrce

{c) 20 mL scintillation vial or srmllar vral '
. (d) Sealing encapsulant - :

2.2. Safety Precautions

Albestos js a known carcinogen. Take’ care .
‘when sampling. While in an asbestos-
“containing htmosphere a properly selected
.~ and fit-testéd respirator should be worn. Take
: samples in a manner to cause the least
amount of‘dust Follow these general

.:(a) Do not. make unnecessary dust .
(bl Take ‘only a small amount (1 to 2 g)

(c). Tightly close the sample container.
{d) Use encapsulant to_seal the spot where
the sample was taken, if necessary.

2.3. Sampling Procedure’

Samples of any suspect material should be
taken from an inconspicuous place. Where
the material is to remain, seal the sampling
wound with an encapsulant to eliminate the
potential for exposure from the sample site.

'Microscopy requires only a few milligrams of

material. The amount that will fill a 20 mL

. scintillation vial is more than adequate. Be

sure to collect samples from all layers ang:
phases of material. If possible, make separate
samples of each dilferent phase of the
material. This will aid in determining the

.actual hazard. DO NOT USE ENVELOPES,

PLASTIC OR PAPER BAGS OF ANY KIND
TO COLLECT SAMPLES. The use of plastic
bags presents a contamination hazard to
laboratory personnel and to other samples. .
When these containers are opened, a bellows
effect blows fibers out of the container onto
everything, including the person opening the
container. ’

If a cork-borer type sarmpler is available,
push the tube through the material all the
way, so that all layers of material are . -
sampled. Some samplers are intended to be
disposable. These should be capped and sent
to the laboratory. If a non-disposable cork

_borer js used, empty the.contents into a

scintillation vial and send.to the laboratory.
Vigorously and completely clean the cork |
borer between samples. .

2.4 - Shipment .

Samples packed in glass vials must not
touch or they might break in shipment.

(a) Seal the samples with'a sample seal
(such as the OSHA 21) over the end to guard

against tampering and to identify the sample. -

(b) Package the bulk sam les in separate
packages from the air samplés. They may

~ cross~contaminate each other and will
" invalidate the résults of the air samples.
(c) Include identifying paperwork with the

samples, but not in contact wrth the
suspected asbestos,
(d) To maintain sample act:ountablhty.

~ ship the samples by certified mail, overnight -
_express, or hand carry them to the laboratory

'3, Analysis

. The analysis of asbestos samples can be
divided into two major parts sample

preparation and microscopy. Becausé of the .

different asbestos usés that'may be’

., encountered-by the analyst, each sample may
-need different preparation steps. The chorces )
_are outlined below. There are several :
“different tests that are performed to identify

the asbestos species afid deteérmine the
percentage They erl be explamed belew.

.31, Safety

. (a) Do not create unnecessary dust. Handle
the samples in HEPA-filter equipped hoods.

handle the smaller amount:

. +(b) Open samples in a hood hever in the s
open ‘lab area: . ,

" If samples are received in-bags, envelopesor

other inappropriate coritainer, openthem * . .
‘only in a hood having a face vélocityator.” : : * -
- greater than 100 fpm. Transfer a small
-amount to a scintillation vial and only

B
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(c) Index of refraction oils can be toxic.
Take care not to get this material on the skin.
Wash immediately with soap and water if
this happens.

(d) Samples that have been heated in the
muffle furnace or the drying oven may be
hot. Handle them with tongs until they are
cool enough to handle.

(e) Some of the solvents used, such as THF
(tetrahydrofuran), are toxic and should only
be handled in an appropriate fume hood and
according to instructions given in the
Material Safety Data Sheet (MSDS).

3.2. Equipment

(a) Phase contrast microscope with 10x,
16x and 40x objectives, 10x wide-field
eyepieces, G~22 Walton-Beckett graticule,
Whipple disk, polarizer, analyzer and first
order red or gypsum plate, 100 Watt
illuminator, rotating position condenser with
oversize phase rings, central stop dispersion
objective, Kohler illumination and a rotating
mechanical stage.

{b) Stereo microscope with reflected light
illumination, transmitted light illumination,
polarizer, analyzer and first order red or .
gypsum plate, and rotatingstage.

(c) Negative pressure hood for the stereo
microscope

(d) Muffle furnace capable of 600°C

(e} Drying oven capable of 50—150°C

(f) Aluminum specimen pans

(g} Tongs for handling samples in the
furnace

(h) High dispersion index of refraction oils
(Special for dispersion stammg)

n=1.550

n=1.585

n=1.590

n=1.605

n=1.620

n=1.670

n=1.680 .

n=1.690

(i) A set of index of refraction oils from
about n=1.350 to n=2.000 in n=0.005
increments. (Standard for Becke line
analysis.)

(j) Glass slides with painted or frosted ends
1x3 inches 1mm (thick, precleaned.

(k) Cover Slips 22x22 mm, 1%

(1) Paper clips or dissection needles

(m) Hand grinder

(n) Scalpel with both #10 and #11 blades .

(0) 0.1 molar HC}

(p) Decalcifying solution (Baxter Scientific
Products) Ethylenediaminetetraacetic Acid,

Tetrasodium.....oovivinnriiismsnneisnirseinenes 0.7 g/l
Sodium Potassium Tartrate...........8.0 mg/liter

Hydrochloric Acid ... ...99.2 g/liter
Sodium Tartrate ......covineeseienes 0.14 g/liter
(q) Tetrahydrofuran (THF)

(r) Hotplate capable of 60°C

(s) Balance

(t) Hacksaw blade

(u) Ruby mortar and pestle
3.3. Sample Pre-Preparation

Sample preparation begins with pre-
preparation which may include chemical
reduction of the matrix, heating the sample
to dryness or heating in the muffle furnace.
The end result is a sampla which has been
reduced to a powder that is sufficiently fine
to fit under the cover slip. Analyze dlfferent

phases of samples separately, e.g., tile and
the tile mastic should be analyzed separately
as the mastic may contain asbestos while the
tile may not.

(a) Wet Samples ‘

Samples with a high water content will not
give the proper dispersion colors and must be
dried prior to sample mounting. Remove the
lid of the scintillation vial, place the bottle
in the drying oven and heat at 100°C to
dryness (usually about 2 h). Samples which
are not submitted to the lab in glass must be
removed and placed in glass vialsor
aluminum weighing pans before placing
them in the drying oven.

(b) Samples With Organic Interference—
Muffle Furnace

These may include samples with tar as a
matrix, vinyl asbestos tile, or any other
organic that can be reduced by heating.
Remove the sample from the vial and weigh
in a balance to determine the weight of the
submitted portion. Place the sample in a
muffle furnace at 500°C for 1 to 2 h or until
all obvious organic material has been
removed. Retrieve, cool and weigh again to
determine the weight loss on ignition. This
is necessary to determine the asbestos
content of the submitted sample, because the
analyst will be looking at a reduced sample.

Note: Heating above 600°C will cause the
sample to undergo a structural change which,
given sufficient time, will convert the
chrysotile to forsterite. Heating even at lower
temperatures for 1 to 2 h may have a
measurable effect on the optical properties of
the minerals. If the analyst is unsure of what
to expect, a sample of standard asbestos
should be heated to the same temperature for
the same length of time so-that it can be
examined for the proper interpretation. .

{c) Samples With Organic Interference—THF

Vinyl asbestos tile is the most common
material treated with this solvent, although,
substances containing tar will sometimes
yield to this treatment. Select a portion of the
material and then grind it up if possible.
Weigh the sample and place it in a test tube.
Add sufficient THF to dissolve the organic
matrix. This is usually about 4 to 5 mL.
Remember, THF is highly flammable. Filter
the remaining material through a tared silver
membrane, dry and weigh to determine how
much is left after the solvent extraction.
Further process the sample to remove
carbonate or mount directly.

(d) Samples With Carbonate Interference

Carbonate material is often found on fibers
and sometimes must be removed in order to -
perform dispersion microscopy. Welgh outa
portion of the material and place it in a test
tube. Add a sufficient amount of 0.1 M HCl
or decalcifying solution in the tube to react

* all the carbonate as evidenced by gas

formation; i.e., when the gas bubbles stop,
add a little more solution. If no more gas
forms, the reaction is complete. Filter the
material out through a tared silver
membrane, dry and weigh to determine the
weight lost. -

3.4. Sample Preparation

Samples must be prepared so that accurate
determination can be made of the asbestos

type and amount present. The following
steps are carried out in the low-flow hood (a
low-flow hood has less than 50 fpm flow):

(1) If the sample has large lumps, is hard,
or cannot be made to lie under a cover slip,
the grain size must be reduced. Place a small
amount between two slides and grind the
material between them or grind a small
amount in a clean mortar end pestle. The
choice of whether to use an alumina, ruby,
or diamond mortar depends on the hardness
of the material. Impact damage can alter the
asbestos mineral if too much mechanical
shock occurs. (Freezer mills can completely
destroy the observable crystallinity of
asbestos and should not be used). For some
sarnples, a portion of material can be shaved
off with a scalpel, ground off with a hand
grinder or hack saw blade.

The preparation tools should either be
disposable or cleaned thoroughly. Use
vigorous scrubbing to loosen the fibers
during the washing. Rinse the implements
with copious amounts of water and air-dry in

. a dust-free environment.

(2} If the sample is powder or has been
reduced as in (1) above, it is ready to mount.
Place a glass slide on a piece of optical tissue
end write the identification on the painted or

" frosted end. Place two drops of index of

refraction medium n=1.550 on the slide. (The
medium n=1.550 is chosen because it is the
matching index for chrysotile. Dip the end of

‘a clean paper-clip or dissecting needle into

the droplet of refraction medium on the slide

.to moisten it. Then dip the probe into the

powder sample. Transfer what sticks on the
probe to the slide. The material on the end
of the probe should have a diameter of about
3 mm for a good mount. If the material is
very fine, less sample may be appropriate.
For non-powder samples such as fiber mats,
forceps should be used to transfer a small
amount of material to the slide. Stir the
material in the medium on the slide,
spreading it out and making the preparation
as uniform as possible. Place a cover-slip on
the preparation by gently lowering onto the
slide and allowing it to fall ““trapdoor”
fashion on the preparation to push out any
bubbles. Press gently on the cover slip to
even out the distribution of particulate on the
slide. If there is insufficient mounting oil on
the slide, one or two drops may be placed
near the edge of the coverslip on the slide.
Capillary action will draw the necessary
amount of liquid into the preparation.
Remove excess oil with the point of a
laboratory wiper.

Treat at least two different areas of each
phase in this fashion. Choose representative
areas of the sample. It may be useful to select
particular areas or fibers for analysis. This is
useful to identify asbestos in severely
inhomogeneous samples.

When it is determined that amphiboles
may be present, repeat the above process
using the appropriate high-dispersion oils
until an identification is made or all six
asbestos minerals have been ruled out. Note
that percent determination must be done in
the index medium 1.550 because amphiboles
tend to disappear in their matching
mediums.
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3.5. Analytical procedure

Note: This method presumes some
knowledge of mineralogy and optical
petrography.

The analysis consists of three parts: The'
determination of whether there is asbestos
present, what type is present and the
determination of how much is present. The
general flow of the analysis is:

(1) Gross examination.

(2) Examination under polarized light on
the stereo microscope.

(3) Examination by phase-polar
illumination on the compound phase
microscope.

(4) Determination of species by dispersion
stain. Examination by Becke line analysis
may also be used; however, this is usually
more cumbersome for asbestos
determination.

(5) Difficult samples may need to be
analyzed by SEM or TEM, or the results from
those techniques combined with light -
microscopy for a definitive identification. -

Identification of a particle as asbestos
requires that it be asbestiform. Description of
particles should follow the suggestion of
Campbell. (Figure 1) =~

BILLING CODE 4510-26-P
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Particle definitions showing mineral growth habits.

Figure 1.
From the U S. Bureau of Mines
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For the purpose of regulation, the mineral
must be one of the six minerals covered and
must be in the ashestos growth habit. Large
specimen samples of asbestos generally have
the gross appearance of wood, Fibers are -
easily parted from it. Asbestos fibers are very
long compared with their widths. The fibers
have a very high tensile strength as
demonstrated by bending without breaking.
Asbestos fibers exist in bundles that are
easily parted, show longitudinal fine
structure and may be tufted at the ends
showing “‘bundle of sticks™ morphology. In
the microscope some of these properties may
not be observable. Amphiboles do not always
show striations along their length even when
they are asbestos. Neither will they always
show tufting. They generally do not show a
curved nature except for very long fibers.
Asbestos and asbestiform minerals are
usually characterized in groups by extremely
high aspect ratios (greater than 100:1). While
aspect ratio analysis is useful for
characterizing populations of fibers, it cannot
be used to identify individual fibers of
intermediate to short aspect ratio.
Observation of many fibers is often necessary
to determine whether a sample consists of
“cleavage fragments” or of asbestos fibers.

Most cleavage fragments of the asbestos
minerals are easily distinguishable from true
asbestos fibers. This is because true cleavage
fragments usually have larger diameters than
1 pm. Internal structure of particles larger
than this usually shows them to have no
internal fibrillar structure. In eddition,
cleavage fragments of the moneclinic
amphiboles show inclined extinction under
crossed polars with no compensator,
Asbestos fibers usually show extinction at
zero degrees or ambiguous extinction if any
at all. Morphologically, the larger cleavage
fragments are obvious by their blunt or

stepped ends showing prismatic habit. Also, -

they tend to be acicular rather than filiform.

Where the particles are less than 1 pm in
diameter and have an aspect ratio greater
than or equal to 3:1, it is recommended that
the sample be analyzed by SEM or TEM if
there is any question whether the fibers are
cleavage fragments or asbestiform particles,

Care must be taken when analyzing by
electron microscopy because the
interferences are different from those in light .
microscopy and may structurally be very
similar to asbestos. The classic interference is
between anthophyllite and biopyribole or
intermediate fiber. Use the same
morphological clues for electron microscopy
as are used for light microscopy, e.g. fibril *

- -~splitting, internal longitudinal smauon, -
fraying, curvature, etc. .

(1) Gross examindtion:

Examine the sample, preferably in the glass
“vial; Determine the presence of any obvious
fibrous component. Estimate a percentage
based on previous experience and current
observation. Determine whether any pre-
preparation is necessary. Determine the
number of phases present. This step may be
carried out or augmented by observation at 6
" to 40x under a stereo microscope. .

(2) After performing any necessary pre-
preparation, prepare slides of each phase as
described above. Two preparations of the
same phase in the same index medium can

be made side-by-side on the same glass for
convenience. Examine with the polarizing
stereo microscope. Estimate the percentage of
asbestos based on the amount of birefringent
fiber present.

(3) Examine the slides on the phase-polar
microscopes at magnifications of 160 and
400x. Note the morphology of the fibers.
Long, thin, very straight fibers with little
curvature are indicative of fibers from the
amphibole family. Curved, wavy fibers are
usually indicative of chrysotile. Estimate the
percentage of asbestos on the phase-polar
microscope under conditions of crossed
polars and a gypsum plate. Fibers smaller
than 1.0 pm in thickness must be identified
by inference to the presence of larger,
identifiable fibers and morphology. If no
larger fibers are visible, electron microscopy
should be performed. At this point, only a
tentative identification can be made. Full
identification must be made with dispersion
microscopy. Details of the tests are included
in the appendices.

(4) Once fibers have been determined to be
present, they must be identified. Adjust the -
microscope for dispersion mode and observe
the fibers. The microscope has a rotating
stage, one polarizing element, and a system
for generating dark-field dispersion
microscopy (see Section 4.8. of this
appendix). Align a fiber with its length
parallel to the polarizer and note the color of
the Becke lines. Rotate the stage'to bring the
fiber length perpendicular to the polarizer
and note the color. Repeat this process for
every fiber or fiber bundle examined. The
calors must be consistent with the colors
generated by standard asbestos reference
materials for a positive identification. In
n=1.550, amphiboles will generally show a
yellow to straw-yellow color indicating that
the fiber indices of refraction are higher than
the liquid. If long, thin fibers are noted and
the colors are yellow, prepare further slides
as above in the suggested matching liquids
listed below:

Type of asbestos Index of refraction
Chrysotile .....ceceeueiinens n=1.550.
Amosite ....... .. N=1.670r 1.680.
Crocidolite ....... n=1.690.
-Anthophyliite ... n=1.605 nd 1.620.
Tremolite ..... n=1.605 and 1.620.
Actinolite .........eeeeee.e. n=1.620.

Where more than one liquid is suggested, .
the first is preferred; however, in some cases
this liquid will not give good dlspersxon

«color. Take care to avoid interferences in the

other liquid; e.g., wollastonite in n=1.620
will give the same colors as tremolite. In
n=1.605 wollastonite will appear yellow in

all directions. Wollastonite may be

determined under crossed po]ars as it will
change from blue to yellow as it is rotated
along its fiber axis by tapping on the cover
slip. Asbestos minerals will not change in
this way.

. Determination of the angle of extinction
may, when present, aid in the determination
of anthophyllite from tremolite. True
asbestos fibers usually have 0° extinction or
ambiguous extinction, while cleavage
fragments have more definite extinction,

Continue analysis until both preparations
have been examined and all present species
of asbestos are identified. If there are no
fibers present, or there is less than 0.1%
present, end the analysis with the minimum
number of slides (2).

(5) Some fibers have a coating on them
which makes dispersion microscopy very
difficult or impossible. Becke line analysis or
electron microscopy may be performed in
those cases. Determine the percentage by
light microscopy. TEM analysis tends to
overestimate the actual percentage present.

(6) Percentage determination is an estimate
of occluded area, tempered by gross
observation. Gross observation information is
used to make sure that the high magnification
microscopy does not greatly over- or under-
estimate the amount of fiber present. This.
part of the analysis requires a great deal of
experience. Satisfactory models for asbestos
content analysis have not yet been
developed, although sorne models based on
metallurgical grain-size determination have
found some utility. Estimation is more easily
handled in situations where the grain sizes
visible at about 160x are about the same and
the sample is relatively homogeneous.

View all of the area under the cover slip
to make the percentage determination. View
the fields while moving the stage, paying
attention to the clumps of material. These are
not usually the best areas to perform
dispersion microscopy because of the
interference from other materials. But, they
are.the areas most likely to represent the
accurate percentage in the sample. Small
amounts of asbestos require slower scanning
and more frequent analysis of individual
fields.

Report the area occluded by asbestos as the
concentration. This estimate does not
generally take into consideration the
difference in density of the different species
present in the sample. For most samples this
is adequate. Simulation studies with similar
materials must be carried out to apply
‘microvisual estimation for that purpose and
is beyond the scope of this procedure.

(7) Where successive concentrations have
been made by chemical or physical means,
the amount reported is the percentage of the
material in the ““as submitted” or original .
state. The percentage determined by
microscopy is multiplied by the fractions
remaining after pre-preparation steps to give
the percentage in the original sample. For
example:

Step 1. 60% remains after heating at 550 °C
for1h. .

Step 2. 30% of the residue of step 1 remains
after dissolution of ¢arbonate' in 0.1 m
HCL

Step 3. Microvisual -estimation determines
that 5% of the sample is chrysotile
asbestos.

The reported result is:

R=(Microvisual result in percent} x (Fractlon
remaining after step 2) x (Fraction
remaining of original sample after step 1)

R=(5)x{.30)x(.60)=0.9%

(8) Report the percent and type of asbestos
present. For samples where asbestos was
identified, but is less than 1.0%, report
**Asbestos present, less than 1.0%.” There
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must have been at least two observed fibers
or fiber bundles in the two preparations to be
reported as present. For samples where
asbestos was not seen, report as “None
Detected.”

Auxiliary Information

Because of the subjective nature of asbestos
analysis, certain concepts and procedures
need to be discussed in more depth. This
information will help the analyst understand
why some of the procedures are carried out
the way they are.

4.1. Light

Light is electromagnetic energy. It travels
from its source in packets called quanta. It is
instructive to consider light as a plane wave.
The light has a direction of travel.
Perpendicular to this and mutually
perpendicular to each other, are two vector
components. One is the magnetic vector and
the other is the electric vector. We shall only
be concerned with the electric vector. In this
description, the interaction of the vector and
the mineral will describe all the observable
phenomena. From a light source such a
microscope illuminator, light travels in all
different direction from the filament.

In any given direction away from the
filament, the electric vector is perpendicular
to the direction of travel of a light ray. While
perpendicular, its orientation is random
about the travel axis. If the electric vectors
from all the light rays were lined up by
passing the light through a filter that would
only let light rays with electric vectors
oriented in one direction pass, the light
would then be POLARIZED.

Polarized light interacts with matter in the
direction of the electric vector. This is the
polarization direction. Using this property it
is possible to use polarized light to probe
different materials and identify them by how
they interact with light.

The speed of light in a vacuum is a
constant at about 2.99x108 m/s. When light
travels in different materials such as air,
water, minerals or oil, it does not travel at
this speed. It travels slower. This slowing is
a function of both the material through which
the light is traveling and the wavelength or
frequency of the light. In general, the more
dense the material, the slower the light
travels. Also, generally, the higher the
frequency, the slower the light will travel.
The ratio of the speed of light in a vacuum
to that in a material is called the index of
refraction (n}. It is usually measured at 589
nm (the sodium D line). If white light (light
containing all the visible wavelengths)
travels through a material, rays of longer
wavelengths will trave] faster than those of
shorter wavelengths, this separation is called
dispersion. Dispersion is used as an identifier
of materials as described in Section 4.6.

4.2. Material Properties

Materials are either amorphous or ,
crystalline. The difference between these two
descriptions depends on the positions of the
atoms in them. The atoms in amorphous
materials are randomly arranged with no long
range order. An example of an amorphous
material is glass. The atoms in crystalline
materials, on the other hand, are in regular
arrays and have long range order. Most of the

atoms can be found in highly predictable
locations. Examples of crystalline material
are salt, gold, and the asbestos minerals.

it is beyond the scope of this method to
describe the different types of crystalline
materials that can be found, or the full
description of the classes into which they can
fall. However, some general crystallography
is provided below to give a foundation to the
procedures described.

With the exception of anthophyllite, all the
asbestos minerals belong to the monoclinic
crystal type. The unit cell is the basic
repeating unit of the crystal and for
monoclinic crystals can be described as
having three unequal sides, two 90° angles

- and one angle not equal to 90°. The
orthorhombic group, of which anthophyllite
is a member has three unequal sides and
three 90° angles. The unequal sides are a
consequence of the complexity of fitting the
different atoms into the unit cell. Although
the atoms are in a regular array, that array is
not symmetrical in all directions. There is
long range order in the three major directions
of the crystal. However, the order is different
in each of the three directions. This has the
effect that the index of refraction is different
in each of the three directions. Using
polarized light, we can investigate the index
of refraction in each of the directions and
identify the mineral or material under
investigation. The indices a, B, and y are used
to identify the lowest, middle, and highest
index of refraction respectively. The x
direction, associated with a is called the fast
axis. Conversely, the z direction is associated
with y and is the slow direction. Crocidolite
has a along the fiber length making it
“length-fast”. The remainder of the asbestos
minerals have the yaxis along the fiber
length. They are called “length-slow”. This
orientation to fiber length is used to aid in
the identification of asbestos.

4.3. Polarized Light Technique

Polarized light microscopy as described in
this section uses the phase-polar microscope
described in Section 3.2. A phase contrast
microscope is fitted with two polarizing
elements, one below and one above the
sample. The polarizers have their
polarization directions at right angles to each
other. Depending on the tests performed,
there may be a compensator between these
two polarizing elements. A compensator is a
piece of mineral with known properties that
“compensates!” for some deficiency in the
optical train. Light emerging from a
polarizing element has its electric vector
pointing in the polarization direction of the
element. The light will not be subsequently
transmitted through a second element set at
a right angle to the first element. Unless the
light is altered as it passes from one element
to the other, there is no transmission of light.

4.4, Angle of Extinction

Crystals which have different crystal .
regularity in two or three main directions are
said to be anisotropic. They have a different
index of refraction in each of the main
directions. When such a crystal is inserted
between the crossed polars, the field of view
is no longer dark but shows the crystal in
color. The color depends on the properties of
the crystal. The light acts as if it travels

through the crystal along the optical axes. If
a crystal optical axis were lined up along one
of the polarizing directions (either the
polarizer or the analyzer) the light would
appear to travel only in'that direction, and

it would blink out or go dark. The difference
in degrees between the fiber direction and
the angle at which it blinks out is called the
angle of extinction. When this angle can be '
measured, it is useful in identifying the
mineral. The procedure for measuring the
angle of extinction is to first identify the
polarization direction in the microscope. A.
commercial alignment slide can be used to
establish the polarization directions or use
anthophyllite or another suitable mineral.
This mineral has a zero degree angle of
extinction and will go dark to extinction as
it aligns with the polarization directions.
When a fiber of anthophyllite has gone to
extinction, align the eyepiece reticle or
graticule with the fiber so that there is a
visual cue as to the direction of polarization
in the field of view. Tape or otherwise secure
the eyepiece in this position so it will not
shift.

After the polarization direction has been
identified in the field of view, move the
particle of interest to the center of the field
of view and align it with the-polarization
direction. For fibers, align the fiber along this -
direction. Note the angular reading of the-
rotating stage. Looking at the particle, rotate
the stage until the fiber goes dark or “‘blinks
out”. Again note the reading of the stage. The

" difference in the first reading and the second

is an angle of extinction.

The angle measured may vary as the
orientation of the fiber changes about its long
axis. Tables of mineralogical data usually
report the maximum angle of extinction.
Asbestos forming minerals, when they
exhibit an angle of extinction, usually do
show an angle of extinction close to the
reported maximum, or as appropriate
depending on the substitution chemistry.

4.5. Crossed Polars with Compensator

When the optical axes of a crystal are not
lined up along one of the polarizing
directions (either the polarizer or the
analyzer) part of the light travels along one
axis and part travels along the other visible
axis. This is characteristic of birefringent
materials.

The color dep<nds on the difference of the
two visible indices of refraction and the
thickness of the crystal. The maximum
difference availabie is the difference between
the o and the y axes. This maximum
difference is usually tabulated as the
birefringence of the crystal.

For this test, align the fiber at 45° to the
polarization directions in order to maximize
the contribution to each of the optical axes.
The colors seen are ¢alled retardation colors.
They arise from the recombination of light
which has traveled through the two separate
directions of the crystal. One of the rays is
retarded behind the other since the light in
that direction travels slower. On
recombination, some of the colors which
make up white light are enhanced by
constructive interference and some are
suppressed by destructive interference. The
result is a color dependent on the difference
between the indices and the thickness of the
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crystal. The pl:l;per colors, thicknesses, and
retardations are shown on a Michel-Levy

chart. The three items, retardation, thickness

.and birefringence are related by the following
relationship:

R=t(n;—ng)
R=retardation, t=crystal thickness in pm, and
Nay=indices of refraction.

Examination of the equation for asbestos
minerals reveals that the visible colors for
almost all common asbestos minerals and
fiber sizes are shades of gray and black. The .
eye ig relatively poor at discriminating
different shades of gray. It is very good at
discriminating different colors. In order to
compensate for the low retardation, a
compensator is added to the light train
hetween the polarization elements. The
compensator used for this test is a gypsum
plate of known thickness and birefringence.
Such a compensator when oriented at 45° to
the polarizer direction, provides a retardation
of 530 nm of the 530 nm wavelength color.
This enhances the red color and gives the
background a characteristic red to red-
magenta color. If this “full-wave” .
compensator is in place when.the asbestos
preparation is inserted into the light train,
the colors seen on the fibers are quite
different. Gypsum, like asbestos has a fast
axis and a slow axis. When a fiber is aligned
with its fast axis in the seme direction as the
fast axis of the gypsum plate, the ray
vibrating in the slow direction is retarded by
both the asbestos and the gypsum. This
results in a higher retardation than would be
present for either of the two minerals. The

. color seen is a second order blue. When the

" fiber is rotated 80° using the rotating stage,
the slow direction of the fiber is now aligned
with the fast direction of the gypsum and the
fast direction of the fiber is aligned with the
slow direction of the gypsum. Thus, one ray
vibrates faster in the fast direction of the
gypsum, and slower in the slow direction of
the fiber; the other ray will vibrate slower in
the slow direction of the gypsum and faster
in the fast direction of the fiber. In this case,
the effect is subtractive and the color seen is
a first order yellow. As long as the fiber
thickness does not add appreciably to the
color, the same basic colors will be seen for .
all ashestos types except crocidolite. In
crocidolite the colors will be weaker, may be.
in the opposite directions, and will be altered
by the blue absorption color natural to
crocidolite. Hundreds of other materials will
give the same colors as asbestos, and
therefore, this test is not definitive for
asbestos. The test is useful in discriminating
against fiberglass or other amorphous fibers

- such as some synthetic fibers. Certain
synthetic fibers will show retardation colors
different than asbestos; however, there are
.some forms of polyethylene and aramid

. which will show morphology and retardation
colors similar to-asbestos minerals. This test
must be supplemented with a positive

- identiﬁcation test when birefringent fibers

.are present which can not be excluded by

morphology. This test is relatlvely ineffective
for use on fibers less than 1 ym in diameter.

" For positive confirmation TEM or SEM

. should be used if no )arger bundles or ﬁbers
~are visible. .

4.6. Dispersion Staining

Dispersion microscopy or dispersion
staining is the method of choice for the
identification of asbestos in bulk materials.
Becke line enalysis is used by some -
laborztories and yields the same results as
does dispersion staining for asbestos and can
be used in lieu of dispersion staining.
Dispersion staining is performed on the same
platform as the phase-polar analysis with the
analyzer and compensator removed. One
polarizing element remains to define the
direction of the light so that the different
indices of refraction of the fibers may be
separately determined. Dispersion
microscopy is a dark-field technique when
usad for asbestos. Particles are imaged wit
scattered light. Light which is unscattered is
blocked from reaching the eye either by the
back field image mask in a McCrone objective
or a back field image mask in the phase
condenser. The most convenient method is to
use the rotating phase condenser to move an”
oversized phase ring into place. The ideal
size for this ring is for the central disk to be
just larger than the objective entry aperture

- as viewed in the back focal plane: The larger

the disk, the less scattered light reaches the
eye. This will have the effect of diminishing
the intensity of dispersion color and will
shift the actual color seen. The colors seen
vary even on microscopes from the same
manufacturer. This is due to the different
bands of wavelength exclusion by different
mask sizes. The mask may either reside in
the condenser or in the objective back focal
plane. It is imperative that the analyst
determine by experimentation with asbestos
standards what the appropriate colors should
be for each asbestos type. The colors depend
also on the temperature of the preparation
and the exact chemisiry of the asbestos.
Therefore, some slight differences from the
standards shculd be allowed. This is not a
serious problem for commercial ashesios
uses. This technique is used for identification
of the indices of refraction for fibers by
recognition of color. There is no direct
numerical readout of the index of refraction.
Correlation of color to actual index of

refraction is possible by referral to published .

conversion tables. This is not necessary for
the analysis of asbestos. Recognition of
appropriate colors along with the proper
morphology are deemed sufficient to identify
the commercial ashestos minerals. Other

. techniques including SEM, TEM, and XRD

may be required to provide additional
information in order to identify other types
of ashestos.

Make a preparation in the suspected
matching high dispersion oil, e.g., n=1.550
for chrysotile. Perform the preliminary tests

to determine whether the fibers are
birefringent or not. Take note of the
morphological character. Wavy fibers are
indicative of chrysotile while long, straight,

- thin, frayed fibers are indicative of
. amphibole asbestos. This can aid in the

-selection of the appropriate matching oil. The
microscope is set up and the polarization
direction is noted as in Section 4.4. Align a
fiber with the polarization direction. Note the
color. This is the color parallel to the

polarizer. Then rotate the fiber rotating the

stage 90° so that the polarization direction is -
B P

across the fiber. This is the perpendicular
position. Again note the color. Both colors
must be consistent with standard asbestos
minerals in the correct direction for a
positive identification of asbestos. If only one
of the colors is correct while the other is not,
the identification is not positive. If the colors
in both directions are blnish-white, the
analyst has chosen a matching index oil
which is higher than the correct matching oil,
e.g. the analyst has used n=1.620 where
chrysotile is present. The next lower. oil
(Section 3.5.) should be used to prepare
another specimen. If the color in both
directions is yellow-white to straw-yellow-
white, this indicates that the index of the oil
is lower than the index of the fiber, e.g. the
preparation is in n=-1.550 while anthophyllite
is present. Select the next higher oil (Section
3.5.) and prepare another slide. Continue in
this fashion until a positive identification of
all acbestos species precent has been mede.or
all possible asbestos species have been ruled
out by negative results in this test. Certain
plant fibers can have similar dispersion
colors as asbestos. Take care to note and
evaluate the morphology of the fibers or
remove the plant fibers in pre-preparation.
Coating material on the fibers such as
carbonate or vinyl may destroy the-
dispersion color. Usually, there'will be some
outcropping of fiber which will show the
colors sufficient for identification. When this
is not the case, treat the sample as described
in Section 3.3. and then perform dispersion
staining. Some samples will yield to Becke
line analysis if they are coated or, electron
microscopy can be used for identification.
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